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SUMMARY

Iift a.ncl moment dlstributions are ca.lcuiated for oscillatmg wings

of finite span on the basie of the three-dimsnsional theory.of part T of_"

this report. The resulia odbiained are comparsd wi'bh the corresponding
resulte of .the two—d.imensioma.l theory.

Rectengular emd. eL.iptjcaJ. wings 6f aa'nect ra.tios 3 a.nd. ‘6 are con—

sldsred and the range of values of the reduced frequency k extenis

- ) from O to sbout 1.5. The celculations are-mads for' verious:bending,
torsion, and alleron :defibction fu.nctions a.nd. the results are glven In
tabuler and in graphical form. " It-is £ound that for.a.given -wing and !

> given reduced-frequency - vAlue ‘the effect . of finite span depends eppre— :
ciably on the shape of. the wing aeflaection fupctipns. ‘It 'is also found:
thet for a given wing -4and given deflection .function -the finite-span N
effect decreases as-the reduced frequency ‘increases. . For wings of - .
aspect ratio 3 an apprecdiable three-dimensional .effeéct ogccurs for va.lmg
of k up to about- 1.0 and. for v.t.x;gs 'ot aspoct ra't.io 6 for values of
k up to about 0. 5

',
1

A pra.ctioal scheme of. ca.lculations 15 d.ascr;bed. a.ml auxilia.:-: ta-
-bles are given for the numerioal: a:na.lys“s of additional’ examples. -
Formulas are included which alldow direct incorporation of “the three—
dimensional results in flubter determj.nants of the kind des¢ribed in
AAF -Technical Report No. 4798. Examples of figtter calculations on ‘ths _
basis of these formmlss dre given 1A an appendix to. this mpbrt Change

of wthe two—dimensional into the ‘three—dimensional air forces eppears to L

be responsible for i‘lutter-—epeed. chenges of from 10 to 2C ;pez‘cent for_
N wings, with the posiibility of larger corrections in tail, flutter: - ) T
While In the examples analyzed so far the.aerodynamic—epan effect
increases the theoretiaal flutter speed, the ‘popsibility of the effect
being in the opposite direction in other exemples has to be considered.

-

i

-
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. y _ _ _ INTRODUCTION

The magnitude of the aerodynamic—span effect in wing theory 1s one
of the problems for which no complete answer has yet been foumd., With
a.tten‘bion restricted to wings of aspect ratio that is not too small (say,
AR =2 3) it may be said that, for wings in uniform motiom, 1ifting—line -
theory represents a satlafactory solution of the problem, For wings in
nonuniform motion the problem is considerably morxe Aifficult end most
attemptes to analyze the aerodynamic—span effect appear to be eilther in-
complete or in thelir applicability restricted to special cases of the
problem.

In part I of the present report an asrodymemic theory of the oscil—
lating wing of finite span has been given which is considered to be as
inclusive as lifting-line theory is for the wing in uniform motion. The
final regults of this theory were formmlas for the spanwise distribution
of air forcee and moments for the four basic types of motion of flexible
vings, namely bending, torsion, alleron, and tab deflectiomn. In these
formulas the effect of three—dimensionality appears as a correction term
o +to the basic function C(k) of the two-dimensional theoxry. The cal-
culation of o necesaitates the solution of an integral equation which
is similar to, but less simple than, the integral equation of lifting—
1line theory for the 1lift (and circulation) distribution on wings in
unlform motion.

With a method thus established for the systematic calculations of
finite—span corrections for thes customary two—dimonsional theory 1t
becomes possible to arrive at statements with regard to the guantitative
importence of the serodynamic—span effect. It has in the past been
held by a number of investigators that this effect, while mignificant

- —for wings in uniform motion, is no longer so for oscilla.ting wings. Phys—

— ~ T7icel consideration of the wake pattern indicates that for a given wing
the actual three—dimensional flow approaches more and more nearly the
tvo—dimensional pattern as the frequency of osolllation inoreases. It is
thue permissible to may that for sufficiently high frequenclea the
eserodynamic—span effect 1s of an insignificant megnitude. This, however,
leaves the question as to wvhat comstitutes a sufficiently high frequency
and what is the magnitude of the effect if the frequency 1s not suffi-—
ciently hligh. It was therefore considered deslrable to esteblish, at
least roughly, the range of frequencies for which there is an appreciable
aerodynamic—gpan effect and to indicate the nature of the effect 1n this
range. The variables which are mainly involved are aspect ratio,
wing deflection form, and reduced frequency Xk = wb/U, where o 18 the
circular frequency of oscillation, b +the semichord of the wing, and U
the velocity of flight.

The calculations in this report are in part designed to pexmlt a
---———7rapid estimatlion of the magnitude of the asercdynamic~span effect by
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providing for consideration the results of an appreclaeble number of sam—
Ple cases for wings of aspect ratios 3 and 6 and rectangular or elliptic
Plan form and for a range of values of the reduced frequency Kk,

It is felt that a point of further interest of this work should be
the presentation of & scheme for incorporeting the three—dimenslionasl air
forces in flutter ocalculatioms, for those cases in whick such an lncor—
roration is deemed worth while. Although the authore egree that such a
refinement wlll be unnecessary in & good many cases for which great mi\

n

acourscy is not regulred 'l-'hn-u- alan feal thet 1P it 1= Asnired to o

N e S SV e g W W WAy - o e e W obtaln

theoretica.l fluttexr speeds which are within, ssy, 10 percent of the

actual flutter speeds, then in most cases it will be found necessaery to

incorporate the aerodynemic-—span effect in the analysie. Appreciably

larger corrections will often be obtained, partioularly in yroblems Jj-.

tail flutter. ’
Thie investigetion, conducted at the Massachuesetts Instlitute of

Technology, was sponscred by, and conducted with financial assistance
from, the National Advisory Committee for Aercnautics.

SYMBOLS

T velocity of flight

x, ¥y Cartesian coordinates in plane of pro,jection_, of w:l.ng surface
[+ denslity -
.I'L(y‘) coordinate of wing leading edge

x,(y) coordinate of wing treiling edge

b semichord

by semichord at midspen

s ratio of span to choxrd at midspan

. clrocular frequency

S amplitude of three—dimensioral circulation function defined by

equations (8) end (13)
¥¥, n* dimensionless spanwise coordinates; y* = y/b,, n* = 1/bg
Zn dimensionliess coordinate of midohord line; 2z = (X3 + X)/2b,
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reduced frequency; k = wb/U
reduced frequency at midspan

R R
B funoction defined by equation (ﬁ.o)
_(s) emplitude of two-dimensional oirculation function given by equa~
87 0 Teon (1) |
A variable of 1ntegration
- function defined by equation (16) .
c(x) function defined by Theodorsen
o correction function defined by equation (6)
e location of elastic axis in units of the semlichord b
c location of aileron leading edge in units of b
e location of aileron hinge line in unite of b
a location of tadb leading edge in unlte of b
I location of tab hinge line In wnits of D
i, m ailsron and tab overhang in unite of b; 1 m=me —-c, m=f —Q
bending deflection of wings; h = h(y)e ®®
o engle of attsck of wings; o = E(y)em'b
By 7 aileron and tab deflecticn engles; B = B e °C
L 11ft per wnit of span; L = T e-%F
M, moment sbout elastic axie per unit of span

Mﬁ’ M.’ aileron and tab hinge momentsa per unit of span

P function defined by equation (9)

J, Y Bessel functions in customary notation
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B Hankel functions in customary notation

Cr, uift coefficient defined dy equation (12a)

Cg rolling-moment cosfficient dsfined by equation (12b)
P, Q funotions defined by equations (32) and (33)

¢3(y) phasge angle funotions (J =h, o, B. 7)
LI¥T AND MOMENT FUNCTIONS OF THE THREE-DIMENSIONAL THEORY

According to part I of the present report the following formulas
hold for the distribution of 1ift I, moment M,, ailleron . hingo moment
Mg, eand teb hinge moment EL due to a bending deflection h, _a tor—
sional angulexr deflection o, an a.ileron engular deflection ﬂ, ‘and. a
tab angular deflection 7:

t

A '.1‘.1c0k ' 1
Py S B [()+t!'hJ

u‘lb'l

+ x {-% [ik + k%a] + [l+1k (.;:_a)]_[c(}:)+uu3}&'§;

(5 ooy, a1+ [ i o 4 00253

'b

{gcik%'a - kgch-J + [El(d) + '12£ Ez(ﬂ-)] fc(x) + o, ]}7 %;. (1)
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DF'

29U3b2=%::n{%2— (%‘-+a) ik.[c(k)+ah]1— +. ('b°>
2 .

x{%[imaz—ﬂul]— (%‘-+a.)[;+ u:_(-;:—a) —,[C(k:) + aa,]:}E

* <‘:—° )8 {%[Aﬂ_s+ 1khg, -k-zAﬂJ. i

“(Een) [= +.@.EEJEC'(;) o) JEu ()

xr.’.'. @7 + 1kA7 "2‘“7;] - —+ a)[El(d) + 2332(_(1) -f[c(k)

"'Uy:l}';_ (2)

B o (_xf, ,1g. B, (BN
epuibﬁ-';;‘-_ o Dha * 5 Ta lClH) +°-h]}b°+ (b )

x{-’ét-cikBae—kaBa;]+}-ESEl+ 11:(%—a)] [ C(x) +.<:G]}E

"+ ( ) ( [Rg, + 11Bg, szB;,J"' L E, :n:1 ‘+;—k- Ea] [c(k). + cﬁj}'ﬁ

.,.(E_)a r!‘. [B,, + 1kB, - 371]+%’-£Eai31(d)+-;—]532(d)]
x [C(k) + o 3}7

(3)
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b = 1 k B\
;3—21’%-5:{—,—2—%1 + El’s(d)ik[c(k) + Ch]};o + (_bo)

x{'z- (KD, ~ €D, 1+ 2 B (0) [1+ 11::(%-'-&) ]CG('I:) . m]}a

+ (%’)3 fi.;_ [Dps + 1kDg_ — X°Dg ] + -2]-“-33(-{1) E;,_ + -2-15 Ea][c(x)j "B]}
B+l V[= - 1
x B +( o ) L2 (D, + Uy, kannl t o Bald) [E"(d)

* ;—knz(a)].[c(k)' +0,] }? | (%)

.
LY

. Equatlons (1) to (%) employ the notation of reference 1 and the
terms ‘4, B, C, and D are dsfined there. The values of the terms E
are - :

E; = Tip — 1T . E;(d) = Tho(a) — ﬂgx(d) N
Eo = Ty — 2170 Ez(ﬂ-) = Tll(d-) - M:O(d) > (5)
E, = Tip — 21Tpo B5(4) = Ta2(d) - 2mlzo(d)

and the terms T are aleo defined in reference 1.

The dimensions a, ¢, 4, e, £, 2, and m (all es dsfined in ref—
erence 1 end in fig. ls are in units of the locel semichord b (b = Db,

. at midspan) and k = ob/J stands for the locel reduced frequency.
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The terme o3(J = h, o, B, 7) which alone ropresent the effect of
finlte span are given bw -

17, (k) a
it [c(k) * I 1D [ (5wm-2) . @

-_— -

The two—dimensicnal circulation :t‘unotions Q (2) in equation (6)
are deflned by . o S B

b - & .
— 3 C(k) 1 n( ) e
(k)
1k
ﬁ((f) _ﬂ%g_gﬁl_ m[ :Lk(-—a)] -—o'.(y)\
(x}
S ()
5(2) _ _Mo(e oHm 1) b= )
Qg "_—(JzTL_ [E:. + ;Ea];—; 8(y) )
(k) _ .
—(2) Wc(k) km .___ b
£3y (2)(k) Ea(d) + 2 Ez('l)] b 7(3) )

In order to take into acgount the poseibdillity of phase variation in
span direction the function n(y), ol{y), B(y), end 7(y) 1in eguations

- -1
(1) to (4) and (7) must be muitiplied by terms e 1Py ) #a.(Y )’

2 -t
¢B(y) and. ¢7(y)’ respectively. In equatiens (7) the quantity
km k(x.t + xl)/zb represents ths effect of sweep of.the midchord line

of the wing.

The three--dimansioml circnla.‘blon func*bions a 3 are solutions o:r T -
the followins 1ntegral eq_uation.
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co : 5 .
3% +'%— u(k)[jp L
. (]

y y* -7
g
:‘ 8 " . oL
_— [ P oL Ply — axDad, | = 856 (8)

In equation (8) y* indicates the location of points along the span in
units of the semichord at midspan b,.

The function F in the second integral is defined as

P(x) = jpm e—u'_[i- + -i= - -"Z:_:—:—:-":_—?‘E]d. A (9)

“o
The_ funetion p 1s defined in terms of Bessel functions as

~

plk) = - -
xic { [ To(k) = Ya(k) | - 1:{ J3(k) + Yo(k) ] }

(10)

Numerical values of the funotions c(]:)', ulk),

174 (k) _ ic(x)
W)+ T S wnm® T (@

and F(x), whioh ere of importence for the evaluation of the general
formmles,are given in uvables I to V.,
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———— - —————— - —
. [ —_

Iift and moments at points of no wing deflection.— At points of no A
(' wving defleotion equations (1) to (4) cannot be used directly becausse one
. or more of the o, texms becames infinite, while the corresponding de—
" .. fleotion 18 zero.' In view of equations (6i and (7) there may be written
for a point where a deflection function. J(b, «, B, 7) becouwes zero,

j

13 (k)

: ~
ii . o(k) + I (k) — 1J2(k) _
- X £
20U%b, - 4 J—f%‘)— e
° X, 2 (i)
clie 13 (k)
na.,;] . xl’-— [ _ (}_ N a.) -I e )._."'.-Jd‘-z‘.k; e 1Jl(k)_ﬁ
25U b, 2" /] L 1c(x) e’11«:m 3
XH; " (k]
' > (11)
- C(x) + 10, (k)
Ma,3 _Es b ~ T %) ~ 103 (k) 5 )
2002 2 B, | _fcf) B Y i
KH; 2/ (k) S .
133 (k)
_ M, 3 B (D) O(k) + T (k) — 174 (k) 5
| eeUP3 2 by, 100~ Ty 4
) (x) . »

"Expressions for lift and rolling-moment coefficients.— Tho coelfi-—
clent of wing lift may be defined as

8by _
= £bo w Ssbi s J g ¥
T3 - / 2pU%Db,, ¢ <"bo>' (12) o
2B
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For a rectangunlar wing

85’b° -
B
For an ellipticel wing
2
Bs'bo . 8
By .

The wing rolling-moment ccefficient may be defined as

sb o

4 —8b L yay hgb2 = ITI- y y

T, = 2 - 2 — a( =) (a=»

B o1 pU=(28b,)8y, B / 20U%bo (3bo) <5bo) (120)
2 ° o

Corresponding formulas m.y- be written dowm for a pitchlng-moment coeffi-
cient and for control—surface hinge—moment coeffioclents, In the sant..
paper, however, use 1s made only of the dsfinitions of EL end g;? -

SOLUTION. OF THE INTEGRAL EQUATION FOR THE CIRCULATION FUNG‘.FION

For the solution of equation (8) a procedure 1s chosen which is
anslogous to one ¢f the known methods for the solution of the lifting—
iine equation for wnifoxm motion.

Define new variables @ and & by the relations,

y*mwgocos §, n* = 8 cos @

= %Y m ein n . )
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In terms of the new variables equation (8) beccmes

Z Eng sinn ¢ b_ u(k)!_ f Zrnj cos n 6

n s(cos ¢ — cos ©)

7 -
iy [ B B e ploon § - con f1) ) g con z0to

{cos @ ~ cos &f

- ﬁga)(s coe ) (1)

Introduce the known formula,

%
7 cos nfde - gnzn
. cos § — cos 6 ein §
and write equation (14) in the form,
z {’ sin n ¢ 2, "sinn P
Kn" 8 !. sin ¢
ik a8 T
T o cos § — oos 6 F(k8|cos § — cos 8})cos neae]}
x ) |cos ¢ — cos €|
o

"( )(a cos @) _ : . (15)
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FRow, define e set of funotions 8, bty the relation,

PRSP,

.oy ‘sinn @ .
k » M emmmce——— -
Bu(ko5: ) sin @
i"os ‘“' cos § —cos O .
P - F(koalcos ¢ ~ cos 9] )ooe n ede (16)
T {cos @ < cos €]
o

Eq,ué.'t';it;n (15) mey then be written

.« feinnp b | |
Y, {2nl. g bums e -G PG | Gn

Eq;lm'bion (17) is solved. approzimtely by satisfying 1t at as many aui'bar-
b.'l,y qhosen pointa b @s thore are coefficiants Kn. Write.

¥

T Ay = FERE L 2 %; e (ks,8) . (i8)
and
L < hY .-} PR - - . - - * . '
TELONE Las f ( ) a (2) ) .
- (s .cos ¢ ) = J,m' (19)

L L LI S . - 0

Then the system of equatlons to be solved is

PR VS - (20)
) % |
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[ Wote, that if the wing deflection is symmetrical about midspan, oniy odd
/ values of n occur, while for antisymmetrical deflections only even
{ _Yelues of n ocdur. If thie is teken into account, all pointe @, may
be chosen within a semispan. If the mumber of points @ which are
selected is N, then equation (20) is a system of N simultansouns com—
plex linear eguationa to be solved for the N ocomplex guantities Knd'

Note further that the left-hand side of equation (20) depends only on
wing plan form and on reduced frequency, but not on the form of the
deflection funotion which determines the right-hand side.

The functions 'Sﬁ(kos,ﬁm) which occur in equation (18) have been
caloulated for a pumber of values of n, ks, and ¢m and the resulte
are containod in table VI. The functions sin nff,/n are elsc calculated
for the same values of n and ¢m and the results are given in table
ViI. Figure 2 contains a series of plots of '8, ageinst k,s, ac that
alsc for intermsdiste values of kos the values of Bn are avallable,.

" Calouwlation of the functions §r; “gccording to equation (16) in—

volves the sveluation of an integrel containing the function ¥ defined
by equation (9). With tabular valuea of F available, the integration
can he carried out graphically or by epproximating ¥ in the range of
interest of the varieble x by a function which permits explicit inte—
gration. Both these procedures have been used. ?gee appendix A.) Use
has slso been made of calculations cexrried 6ut in England (reference 2)
in commection with a theory of the meiodynamlic-span effect which differs
from the one evgluated here.

SUMMARY OF FROCEDURE FOR CAICULATING THREE~DIMENSIONAL EFFECTS

(1) Choose epanwise stations at which integral equation (8) is to
be satisfled. (Present range of. calculations of auxiliery
functions restricte cholce te the six stations,

, cos ﬁm = 0, 0.2, 0.4, 0.6, 0.8, anda 1,0

in unite of the semispan.)
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/ J :
(2) Tabulate the values.of /by, k, iy W, =and, if necded, wof
‘é‘“"d“’a‘;'f,qr end m at these stations., Take from table IV

. the values of the runct-ion ll-ic/k.E,_(z) et these sta.z:,iona.
—(2)
Q- at

Calculate, according 'to eguations {7 the values
these statioms. Jm

(3) Calculate by means. of '!:a.bles IT, Vi, viI the values of A of
of equation (18).

(%) Solve the system of equation (20) for “the coefficlents EBJ’

preferably by the Crout method for the solution of systems
of simultaneous eguations with complex coefficilents.

(5) Calculate the valuss &f QJ' at the aelacted. statiaons-

L '-:{nme:;:/or; squation {13¥. Meke use of ‘ifa'ble VII for factors

" (6) Galouldte the ve.iueé'é&" J/n( )_ at the seleote;;ta.ﬂidns

(7 Cﬂlﬂﬂ.ﬂ-ﬁﬂte‘nhﬁ ’ s ‘from. eqtm.ticm (6) making 1150 of tHble III,
(.8) '_Su!ist:l'bute terms O'J in equa.tions (l)_tg. (4) -for .'Li:l.’t and

. momn‘ba . L R . : :

-

Tt 1s this:procedure that ‘has 'been usad. to obta.i.n the resu:l.ts wh:lch are
discussed in the following section of th:l.s rvaport

LI

~ .
!.‘

In’ ord.er to’ Judge the effect of .the thibe—dimsnsional correotion
.. kerms in the expiréssions™ for 13+ and moménts, & mumbér of cases have
been analyzed nutprical],y and the results ‘are shown in %table VIII, end
by means of figures 3 to 21 which’ nontain thb twc—dimensional as well as

three-d.'l:nensioma.l d.tatri'butions co . - '

C'a.lculations have been made for wings-of 3111;91:105.1 ple.n form and
for wirgs of rectenguldr plan Form. .In both cases the aspect ratios,
-“chosen are :3 apd- 6, end a range.qaf.values of the reduced frequency k
18 covered.. Aa: x‘u:lng deflections -the following ware choebn. )

(1) Trenslstion’of rigid ving ( g_ )
(5) Pitching of 1814 wing a‘bou'b mid.chorcl (u. - l, aw0) .
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(3) Rolling of rigtd wipg(E— ~ y/sb ) :

. (%) Linear antisymmetrical torsion .(d = y/eb_, a = 0)
j.(‘J'») Lineay éwmtrica.r toraicn' (@ = [yl/ev,, ‘& = 0)
(6) Lineer eymmetrical bending (E— - Iy‘l/sb )

(7) Parabolic aymmetrical bend.ing(%. = (y/6b,) )

.
—

(8) Deflection of full-epe:n aileron (8 = 1)

| (lyl<reby : B =.0; [y[>rsb, ¢ B = 1)

Figures 3 to 21 contaln the resulis of these calculations. (Some of
the resulias were first obtainsd in reference 3.) The points at which the
integral squation for the circulation has been setisfied are indicated in

. the figures; the number of these points determines the nmumber of simulte~
' "néous egquations to bhe solved. The following conclusions may be stated:

‘The a.erodynamic—epan effect for a given aspect ratio and given wing
deflection decreases noticeably am the values of the reduwced frequency
Eo increase. There is substantial agreement between the resul‘ba of the

~ three—d1imensional theory and the results of the two-dimensional theory
when the value of k, 1is sufficiently large. The rate at which this
approach between the results of the two thecories takes place dspends on
aspect ratio and wing deflectlon function. The lower the aspect ratio,
the slower the approach, The finite-span effect persieta to values of
ko which are higher for linear spanwice variation of dsfleoction than

they_-a.re for do spanwlse variation of deflection, and higher for para—
bolic variation than for lineer variation. While thepe facts are what
would be expected, the present caloulations should furnish the q_uantita—
' tive ‘information which 1s peeded in order to know when to neglect the
aerodynamic—epan effect and when not to meglect it. Reughly, it msy be
stated then that when AR = 6, there is no nsed to comsider the
serodynamic—apan efféct when k,>1: and when AR = 3, there is no need
te' consider the effect when Xk > 2., .For.smaller valugs of k, the

the effect should be given greater consideration. Important corrections
certainly do occur when k, < 0.5 '‘and AR = 6 and when ko, < 1 apd

AR = 3, Corresponding conclueions will hold fer. voalues of aspect retioe
‘between 3 and 6 and for values beyond these limits, Altdgether the
numerical results obtained may also serve as an indicatlon of the magni—
tude of the effect to be expected in cases which are somewhat different
from those analyzed.

.

o
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( It a.p;pears from the preseztt ‘ealtuintions that- the a.eroda:nn.mic—span '
\‘ ef:l:‘ect is eppreciably less for hinge—momnt aiatributions It is thought
i that th.l.s fa.ot wes, not kpqwn p;revionsly i o~

e A T ) -

in co’:mection w:ﬁh preaent resu.lts “Por E_t_ al-—-gpan contro.'l. sur—
Paces, it should be saild that greater accuracy than has been- obtained ts
deslirable., The discontipuona epanwise variation of deflsction should be
taken into account either by using more terms in the series for § or by
using e special fumction 5&150 whlch accomuodates the disqsontinuities

in a mazmer analogous to tha'b 1n unifom—mot:!.on wing theory.

It ies noted that for the rac'l;an.gula.r wings ‘the 1ift distribution is
not zero at the tip as would be expected.. This:may be explainsd as fol-
lows: While in an exact lifting—surfece t.heary She chordwlse pressure
distribution at the tip would vemish, this ocondition cannot be satisfied
in the present approximate theory. In the approximete theory only an
average condition can be prescribed and the naturel cholce of this averege,
conditicn is t'.o make the circulation vanish at the tip. For .not toe -
large values of k thie circulation cenditiopn is effectively squivalent
to the condition of va.nishing tip—lift ‘intensity. With 1noreasing velus
of X these two conflitions becdie lese and . lese s:Lmilnr. The same ob—
servation can be made regarding the moment intensities at the tip for
rectangular winge. JIn en exact theory the moment functions would vanisf\_
at the tip while the present theory 1s umable to ensure this. ~

It must be eeid that to the extent thet the tip conditions are not
completely taken care of, the present theory does not fully account for
the effect of finite span. Hewever, even when this difficulty ccowrs,
correctiona aye obteined which are in the right direction and which
therefore may be applied., It should be emphasized that no such Aiffi—
culties occur for wings with zero tip chord because for such wings 1ift
and moment intensities approaoh roro near the tip in the two-dimensional
theory.

In addition to the diagrame showlng spanwise lift distributions
there are given in figures 15, 16, and 17 curves showing the variation
of wing 11ft coefficisnt for rigld translation and pitching, and of wing
rolling-moment coefficlents for rigid rolling and linear antisymmetrical
toreion. These figures show again how wlth the increasing k the xe—

sults of the two—dimensional and of the three—dimensicnal 'bheory approach
each other.

AERODYNAMIC-SPAN CORRECTIONS IN FLUTTER CALCULATIONS

The use of the finlte-span corrections of this report in flubter
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oalcuta.tions may be explained by use of tho procedure deegcribed in refer—
ence b, .

In the case of combinsd torsion and bending eileron flutter with
geared tab, flutter speed and frequency are determined from & determi—
nantel eguation of the form . '

R .. - . . J—

A B C
o - =
— 1> B F = C (21)
] = =
G B I
-t L ] o

The terms of -thls dsterminant involve structural components and also
acrodynamlo components which are designated in the following calcula—
tions by the subscript A, The sercdypamic componente only are con—

sldered here. According to and using the notation of referemce 4, with
a dimsnsionless spanvwise coordinate 2z, defined by

7 =

boa
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5, - [ (%;)SE‘&. -2y (& + o)] [:ﬁ-(?g_ [fa,(z)jd.(z)
c, - L - (%;)3[15 ~ B0 - of] [£(23] [£a(a)]atn)
+nf, :‘. (%;)3 [ta] [Eu(=)] [Ea (=T a(2)
ne L0 (3) [-m @ + ] B e oo
A GIRH DRI
v 2 (3 + o] Frateleta)
7, = J;:a (g;)‘* [ —mg (3 + &) ~M(c - o) + 1o ~ )
x (% + )] [Fata][Fateate) + 2 L:‘(’ﬁ;f [Mb ~ Ly
x (% + 8} ] Fute)] Fata)] =)
3= [, :2 (::)a[mh ~ Py(o ~ of] [En(=)] [ (=] a(2)
5, - fzza (g;)‘ [Tm =2y (% +2) = 2y(c — ) + By(o — o)

x (% + a.)} [fm(z.)] [fgcz)] a(z)

I, = ‘];:,2 (%r-)‘ [‘J.‘ﬁ + P__z(" - e).2 ——(.’l?B + T,)(c — e)]

X E.’B(z)}zd.(z) +n J;:&@)" EEG ~ Pa(c - 8) + W =9,

x (¢ — e)] [fﬂ(z)]z a(z)}

19

s (22)

ot
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Introducing for the L, M, T, P, and Q fundtions thair equivalent
values in the notation of the preaent report, the aerodynamic d.oterminant
terms become: e

.o ot X R : 0
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. e °( ) [ (k+a) (—-+—-(--—a)) c(k)][fh(z)l
_ x[fm(z)] a(z) .
o, (3 { (z“sz °B=)“[—;+—a‘ °""}
x [£,(2)1[ 25(2)] &(2) + n _Q!‘ (2 ) {Z(%o,- cn)
2E;(4) iEz(d-)

~i[=—- ]cm} [£,(2) 1 [£5(2) Ja(z)

2= 0 (%;>= [_a+(§+a k—G(k)][fh(z)][fa(z)Jd(z)
B2t G (- Gemr) s Geo )50 B
x (}._a)J e(x) }A:ra(z:;aaiz) . _ (29
w B {- (=) (‘“)()[‘i‘z"
+ T _c(k) }[fa(z)] [f(z)1&(z) + n ,rza (b—r-> {- (-;:
P )+ Gre) (D[RR H 2 e )
x[ r&,(-z)] [£p(=) Ja(z)
L () [m-2 -c(k)]cfh(z)nfﬁczna(z)

- ,:2(»?;) {~(boa-m ) -2 [Het (3-2)]

x (k) p [ (2) J[fﬁ(z)ld(z)
2 25 ik
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X[fa(z)]ad(z)+nf ('b ) L _1-5 -371]
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According to equations (1) to (4) the finite-span coxrections appear
as corrections to the Theodorsen function C(k) in such a manner that
c(k) becomes C(k) + dy. By substituting C(k) + oy Tor Cc(k) in the

determinant terms, the determinant terms developed using two—dimensional
serodynamic considerations become three~dimensional teyms. With the
three—dimensional serocdynamic series indicated by a superscript 3 ‘there
may be written:
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B+ J ('5;/ v ':_kg+k (2 B.)_}U“-J
x [£,(2) J[£ (2)]a(z) ' e
() 10 ep N (3 [ 1%
Sy =Gt 4 (b_r') VT L k2+ "GBJ
. 1.0 ; s . B, (8)
x [fy(z) J[2a(2) J&(2) +n J (%;) (--’;[ ;2
L ]e }crhcz) 12p(x) Jas
3
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By rewriting the finite-span correction terms and indicating
them by a A prefix, the finite—span corrections for the bending—
toraston~aileron flutter determinant of reference 4 are then as
followss )

- ———— _— —_— _—
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A,&- A o ::-)a [_ ‘,[fh(z)]_ d-(z)
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2=, () alEre (B7) 1%
X [f(2) J[£(2)Ja(2)
1.0 b 3 1 X, h ¥
AE - fo S—;) {—;[ F-I-T } [i’h(z) ][fﬂ(z)]d.(z)
1:0 5 \3 1 [2Ea{a) 1Bx{(d) )
+3 (g Ci e .I °7}th("”
x [£p(z) ] a(z)
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X [fp(z) 1% a(=)

25

> (25)




26 _ NaCA TN No. 1195

) These integrals for thes finlte--span corrections for the terms of
the flutter determinant cannot in gemerel be integrated explicitly. It
is necessary in all but very special cases to integrate these correc—
tlons graphiaslly or by numexrical means,

Bending and torsion of :L;E_tang_ul—ar wing.— This case may b consld—

ored 1nd1v:ldually as an example in which expliclt integyation is
possible. By teking the values of o, and 0, from equation (6),
there may first be written :

A--—[‘“'—:':f; f ( (z) ) ERNN

-

x [or 20— /“ (““-1)rh(z)f(z>az

: 1 5 1
:Ag.(%f.a)%[mf%ﬂf (ﬁgg)-l) > (26)

In view of the constancy of k for rectangular wings and the fact
that the circulation functions occur as quotients only, it is permie—
sible to nomaliz.e -the two-dimensional circula.'bions in such & way that

682 =1, _';z’ £, © (2
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27

end to indicate & corresponding change in the three—dimensicnal cirou—

lation functions by writing
- Z Khj sin np
n

Introduction of equeations (2"() and (28) ‘into equation (26) gives

sam-lov 2 f [{3 =g} ae
- £(=)1” ]az

oz--[E B (3-)] [ 225 /‘ Hm
<223 ) -1 (o), (z)} as )

w-<l+a>—{°+_o-m] f 25 ]
X £o(z) — £o{2)2p(z) ] az

- G [E-2 G- ] [o
+;°—:§1] f{(z%ﬂ—ni)”‘"

-

(28)

> (29)

- [t <=>J‘*}1

By assuming linsar torsion and parabolic bending, that is,
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£.(z) = 2, fp(2) = 22 ’ (30)

the remalning integrations in equations (29) may be carried out and
the result is

1
' ’ 5% v 1 Lt
Aae_B[ g, 45 2% (Bn+2imn) -2
= k Jo-iJ;_ g
- S r 17y
cr-- BB G- 70w
£ (sla+ 350 )-3
X
T
ADn(l‘-+a)-2-’-’..[c+-—£-!'—-—]
= \z k Jo = 103 . % (31)
byt L1 1 g -
X'E(Km"an;h SRRtz oe) =1
. ‘ -
A - £+a)[é‘_+é(a-a) [C+ =5 ]
¥ k \2 1 Jo — 101
K+ 2K~ 2K+ K -...) -1
SBa * 5 e = 35 Fra * 755 Tra )
3

Equations (31) will be applied in appendix B of this report for
the flutter analysis of a rectangular uniform wing. Eqdations (25)
will be applied for the analysis of e tail-flutter problem. ’

Y

THE RESULTS OF BIOT ARD BOEHANLEIN

In reference 5 theorstical expressions were given for lift and
moment at midspan of a rigid elliptical wing with motion consisting
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of transletion and pltching about the midchord line. The results of
reference 5 may be compered with corresponding rosulis obtained on the
ba.sis of the fo:mm.las of the present report..

The réleva.nt oxpreasions ot raference 5 may be written in 'bhe form

L Eo) ¥3 - £

Yo . -
e riko . Ko\ — N L
A o ! + (l-!; z )_PAB (ko)} & | (32)
. ﬁO(O) - 1k w0 - S
Bg ""L-“"“AR"’"’} 5 e
. 1ko ) ' --
u{-;;‘(ikoA%-_-kgAul)—-Jé'-_(l+-?)Qm(k } " (33)

- Ii'- mey ‘be seen that the effect of, thme—-’cﬂnﬁnsiomliw in thess formilas
i@ responsible, for the change of the "function C(kp) of the two-
dimensionsl theory into the functions Pyy and’ Qug which are tabu~
lated. in referenpe 5 for a range of a.spect ratio and of vdlubs of k

- Comparison with eguations (1) and (2) of the pressnt report shows
the following relations betwsen the result.s ef reference 5 and. the
present results: . .

‘Ppr(ko) <> C(k(',)~+ oulky) - ] - i .
Buplky) < C(k,) + og(k,)
: _ > (3h)
- %(‘1’:@) <> C(ky) + oy(ky) .
%Gko)'<—.> G(ko‘} + Eg(ko). }
- -

Calculations shcu,tha.:t. for the uniform d.eflection functiops which
are considered herejy
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onlky) & oy (k,) (epproxi) | LT (39)

As a formal difference between the two sete of results thers re—
mains the fact that in the present work the corrcction terms for lift
and momsnt are the same, while in the work of reference 5 this is not
so. The authors of the present paper are not able to decide which ome
of the two sets of results is nearer to the actuel facts in this
reapect It may, however, be noted that the differences between the

P ana Q—functiocns are quite small. The order of magnitude

of the differdhces betwsen the two appoars to be no greater than the
order of magnitude of thedeviations of the approximate roesults from
the resulte of an as yet not exiating exa.ct solution of the pro‘blem.

A numsriocal comparison between the ,?— anid Q—-f‘tmc'bions antl the
function C + ¢ has been mmde for the four values of aspect ratio,
6, 3, 2, and 1.5, Figure 22 reprgduces the real and imaginary perts
of the various functions, together with the function C of the two-—
dimensional theory. It 1a sesn that sgrepment between the two kinds
of three—dimensional corrections is guite closb. A theoretically .

important differsence is the fact 'l'fha.t.‘ for ilncreasing ko the results

of the present work converge toward the result of the two—dimensionsl
theory while, for aepect ratios 3, 2, and 1.5, the reeunlts of
reference 5 do not canverge toward the result of the two—dimensionsal
theory. As k, approaches zero the results of 'l-.‘he pregent work ap—
proach the reaul'bs of lifting—line thsory It is noted that the same
is very mearly true for the function Q, while the.function ¥ 1ise
gg:sistently eommvha.t smaller than would follow from lifting—line
ory.

Determination of terwms o.— It-ﬂ_aa found that,for the two forms

of motion considered previously, sufficiently adourate results were
obtained from a cne—term approximation for the circulatlion Tunction

Q. By texing

Q=X sin g (36)

and date:m:lning the ooefficient K;__by sa.tisfying the integral equa.—-
tion (8) at midspan (¢1 = -2-> there follovs. frcm equation (17):

G el R . _.(2)_

Ky !_l + 2 uig)8 (8, 2) ] (0)
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end hence P
- AN I ULTORDIAY LT LT -
' £2(0), = (37)

a (2)(0) 14+ % ""(ko)'sj- \ ko8, g )

' Then, eccording to eq_ua.tion (6) ‘there follcws for t.he comction térms

N .

- iy
O'h(ko) [ Uq,(kO) o I-c(ko) + Jo(ko) -— 1'Tl(k0) -
1 ) P e '
x [ - Irr__.__ 1 :! - (38)

4
1+ = pulk )8 kp, —.
S © 1_(,_°'_", 2 J .

e PR N - LY

- s

Equation (38) is evaluated by means of tables IT, III, and IV. Numer—
. ical -values .of. the fupnctions ¢ 8o ohtalned are ]listed in teble IX. It
may be noted that equation (381, in addition to glving -the corrsgtion

* term for translation and pltching, also glves the proper correction for
the deflection of g full—spen elleron on en elliptical wing as long es
the dimesnsionless gilsron-hinge—lins ecordinate. e . and lesding-edge
coordinate ¢ are constant alopg the span.

As e conclusion to this discussion 1t may be stated that from a
practical polnt of view there seems teo be litile to chooss between the
results of reference 5 and the present resulis in thoss casee whers the
results of reference 5 spply. A precticel disad,vantase of the results
of reference 5 appears to be that no provision is mads to obtain corre—
sponding results when other then uniférm deflectiém functions are to be
taken into considsration.

) The present authors would have liked to include also a comparison
of their resultes with thé results of W. P. Jones in reference 2; how-
ever, notationsl difficulties could not he overcoms in time.

Massechusetts Institute: of Teclmélogy,
Cambridge, Mass., Janudrr k&, 1gh8.’
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APFENDIX A
NOTES ON THE EVALUATION OF THE FUNCTION S;

According to equation (16)
ﬂ a

_sinn ¢ . ko8 [ cos §—~cos 0

-3 .
7 ein g =« ./ J|cos -~ cos 6
——— %o

T ==
n'\So s

5% f(koélcos¢ — cos 8| )cos ndase

and according to equation (9)

F(x) = /m o tH [l.; %'-_:Ef__f]n = R(x) - 1I(x)

x A

-

o

The function F is given numerically in table V. It can be shown that
1t poseesses the follewlng limiting behavior: .

1

. x --> » @ F(x) = -5{—2-1:-—;
x =>» O0:F(x) ® —lnx—0.39 In 2 — 1K

2

It cen further be shown (J:.'ei’erence 6) that the following fepc;'eaentation
holds: . . .

& . - .
F(z)..:i/'QSELzE"_l_au , C (a)
. u
‘= L
where G(u) satisfies the differential equation,
R - - _—@® u dn u '

with the initlal conditions,
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G(O) =1, - G'(0) = —1 (c)

Equations (a) to {c¢) are listed here for future reference. So far, it
has not been found possible to derive com;ruta.tional advantages from
then.

rey readily- pe-eveluated by graphical or pumerical (Simpson’s rule)
méans as -the iptegrand remains finite throughout.

The integral,
T

cos § — cos 6 _ n
Toos # — oon o] R(kys|cos $ —~ cos 6] ).cos n3ad

o]

is subject to the difficulty that the fumction R is logarithmically
infinite when o008 § = cos 8. There may be writien, for ¢ < § X n—¢

X g—¢ ¢ +e x

T

g—e¢ gte

and- the first and third integrals evaluated graphically. When @ = O,
write lnstead

The second integral may, for sufficlently small ¢ , be estimmted
analyticelly as follows:

-

R(k,s|cos § —cos 6|} = 1In [ 2°-2%k s|cos @ ~ cos 6]



3k NACA TN No. 1195

D .
6 =@+ q 48 = ay
cos § —cos @ = nsinP . } _ (a)
cos nf = cos n¥ — nn sin nj J
Hence . -
e e . -
[ = / O 1n (27 %%%,s sin @lq]) ( cos np
Y fl
¢-_c ~¢ €

T « 3

— nn sin nﬁ)d.n = — 2n 8in pf ,,' n 1n(2° kos-n sir @)dn

-JL‘-

= —¢®(n sin nf) | In ¢ + 1(2°-%%k, 8 sin §) -g -l

This approximation is satisfactory when sin § x,8c < 0.05.
In this menner the functicns 8n have been calculated for

ko8 = 0.5 and various check calculations have been. carried out for the .
values of S obtalped from reference 2.

Approximate analytical integraticn.— Write 8, in the form

T
Ko ' Fr_ax
= / .x  |x
[»]

lx]) ’]’ cos ngde (o)
where
xm= ']_:;-a(;:-os e —_c_os #)

The renge of integration in =z is Ltl < 2k,e. In this range there
may be written approximately: . SR
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N
Ro(x) = ~Inx + S-'.Ah:?
u e . (£)
I (x) = Z B,

Dm0

For a given Xk,s an erbitrarily close approximation for S, mey be
be obtained by making the number of terms, N and M, large enough.

For ko8 < 2, (x < 4), the following approximations have been

naed:

Rg(x) = —In x =~ 0.270 + 0.764x — 0.126x® + 0,0l1x®

(g)
I (x) = 1.319 - 0.757x + 0.202x" — 0.020x>

The coefflicients of those expresslons were cobtalned by making R, and
I, eagree with R and I, respeotively, in four pointe of the interval
0< x g b ) :

By introducing equations (g} into esquation (e) the following inte—
grals occur:
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. :

/'h cose—cosyS cosnﬂdﬂuz _______jj_

[cos @ — cos ¢

:‘ . J'-Q’E’ n?‘l :

/ (cos @ — cos Plcos nBAS = 4 S :
SRR o LO,' .na2,3,...
/

'—- sin.3¢ + 2008¢(-——-¢ sin2¢)

. {g ] ) ein W 2 sin 2F sizn’P
/"(oosewcoagscoanedew( .2"'1*. - e 3 s
cos 8 — cos § | _

{ sin(n —2)4 = 2 sin nf
‘a(n - V(e —~2) n(x® —-1)

sin(n + 2)§ 1‘:1 -3 04 ...

4 n(n + 1i(n + 2)
%’E (1 + b cos®@), n =3l
]
;: _ —-%:tcos¢, n=2
J (coa 6 — con $)° cos nBds = {
o _g, nw3
L_O,' n=h-, 5,-..

. A somevhat less slmpls calculation leads to a recursion formila for the
integreal, -
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Y

g - B '
£, = cos @ ,,coaff. ‘rlnlcose_cog ¢|} cos nfas
jcos 8 — coe #] . T . :

Q

The recursion formule is

(l-—) y—~2cos @ £+ (l"'i')fn-n
2 "sin (n-1)§ ein (n+ )¢
"-’;1'! - P n=2, 3, ...

n=21 L n+ 1l
With the_initial conditions,
f1=281n¢i2i'n[sizlz.¢[ +ln'.2—l., —2cos¢(¢-12t—)
fansin2¢12h|sin¢l+ln2—l] __281112 —c052¢(‘—_

On the besis of these formmlas a number of values of the functlons
Sn have been calcunlated and the results compared with the results of
the grephlcal solution. It was found that there was very good agreosment
for the imaginary parts of 8p, differences between the two values ob—
tained by the two methods occurring only in the third or fourth decimal.
Somevwhat less satlsfactory agreewent was found for the real parts of
Sn, with deviations of from 1 to 3 percent. While for prectical puy—
poses an uncerteinty of this megnituds with regard to the values of Sy
is of no importance, 1t is belisved that the results of the graphlcal
enelysis are the more reliable. It still appears to be desirable to
est up an analytical scheme by means of which the valuss of 8, may be

calculated a.ccura.te to, say, three or four decimels,

A transformtion of 81 (ky8,” x/2) .~ It may be shown that this func—

tion can be written as & single integrel when use 18 mads of complete
elliptical integrals, ¥From equation (16) '
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sl«\'kc,s, g) =1~ ik 8 ;?‘- / cos  F(kys cos 6)4a6
Q

/ cos 8 F(k,o cos 6)as
o

/2 f T N/ | J (k8 cos 8)2 + A2
- 1 1_ o !
J° L / _ ° ko8 coe 9 * by kqe{cos 6\ )d}v-j‘B

© . k 0)2 + 2%
- foeix[/ (l coee__ \/(03°°B)+ )aea;.
)

I3
o s 7\» ( 2 k V2

° x.2+(k°s)"’
- -1k°°"f.’£+!:_*/—_——- _1+m( L)}
[+] 1\2 A Y 1+ A2
there follows then
,‘ _ 211:09 -;u:oaxr,t 1
Sl(kcs,-e-)al . 1":_‘. -i.t.l

1+22 g/ 1 an
N1 + A%

.vwhere E designates the complete elliptical integral of the second kind.
It appears that this representation might serve as the sterting point '
of further amalytical work. It ie probable that corresponding, less '
simple expressions may be obtained for. Sp{kos, §) also when n § 1

exd § 4% .
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lAPPENDII B

APPLICATION OF THE THECORY TO WING FIUTTER PROBIEMS
DISCUSSION OF THE THECRY
It was shown in reference 4 that the eq_ua.tibns of motion of a wing

in bending and torsion allerocn flutier with a goared teb can be written
in the form of a determinant as

i
woaE o

™ =g

10

= 0 .. . (B1)

[ 1]

In the present report the elemsnts of the flutter determinant of refer—
ence k are represented as the sum of a structural term, a
two~dimenstonal aarodynamic tem, and a three—~dimensional correction
tam as follorws

T

s A+ A +AA R
=By + By +AB -

ng’+§A+A

1Q

'Ds+EA_+A

WolY 10 i
g

=Eg +Ba + AE > (B2)

Fo+ Ty +AF

i
'

+§A+AG

+§A_+A_K'

iH 1|1 1@
]
GRE

%
[ 1]
@

i
.+:_[’A_+A:_E' j

In these terms the subscript s refers to the structural terms;
the subscript A refers to the asrodynamic terms calculated by conven—
tional tw—d_tmensional methods integrated a.long the span- end the prefix
A “refers to the finite—span correction to the aerodynemic parte of the
elements of the determinemnt.
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The serodynamic pexrts of equation (B2) are given by equations (23)
and (25) of this report. The structural terms are listed below in the
notation of refevemce 4. . .. .. Ty o Lt

fe = (W [-l - (? )" (a%)a -(1'.."' ish) ] Jn:-".o ¥ oen(2)]® a= .____. 7
" ae Bu- - o

Be = Oadn £ S [fn(s)] [falz)] &=
r

Zz -8B
Cs = (nxp)_ {12 ?EZ_); [fn(2)] [fp(2)] e

v nuxg), ¢ =B [fy(2)] Ifp(z)] @z -
¥ z, (S8).. - ) '

1.0 8
B Gl 7 S DR 01
S S L T .7 1.0 X - .

Zo = (wa?) 11- () (tsa) 7 A [Ra(2)]7 e
.. - 2 _ M Z2 IB+ (o -'fﬂl‘qﬂ
T {p[rﬂ + (o a)xﬂ]Jr ,;1 (T, - (o = aysg1, [fu(z)jtfﬁ(z)] dz

I§ + (e --.a.)]:S8
E15 + (f - a)b86]r
zZ, Sg

-

+n (p [re,z_ + (£ — a)xg ]} {:‘ [ £,(2)] [fﬁ(z)]dz
r

> (B3}

. _ -
gy = (uxp)_ = 8 [fn(z) 1 [£p{2)]az + n(!.:xs);_ _rz [fh(z)]ifp(zNl az

T 2y (Sp)r a -
i} r o _ sl Zo IB + (e — a._)bSa
Bo = (Hlmpr (miml | L T (o manmg

r r

TP B ol
rm gl el e [T 7o asl

Ig= (“I‘sz)rji-.l - (i—;)a(%)r 1+ iep)] J - ?;ET [£p(z) Faz
- ' . r . -

zy

[£a(2)] [£p(2)28z

[fd.( I'-)J [fB(Z)]dZ

A ceot I (2 + m) ¥ 2(f — e)bs
+ f_{l‘ [1.‘52(2-'.#,"';“) +2(f —e )Iﬁjl f;z.‘ Ig(2 + 1)+ 0)b5,

2, ?IE(e + n) + 2(r - ?)bsa]r

x [£5(2) J%az
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In addition to tlis general structural berms of equation (B3), the
structural terms for the speclal case of the uniform rectangular wing
in bending and torsion flubtbter with a parabolic bending and a linear
torsion mode are lisbed soparetely as follows. The carrespondins asrc—

. dynamic terms are given in equations (23) and (31).

3
e 2 [ (3 (2) (o) |
B ,._ia'._
. -:s l".“"“-l"v.'):s ? (Bk)
B
i:ﬁ-hmbo.. .
i ] 1
“55'3;:0‘ [*- ?Y (4 + tea) | -

“where
M mass of the wing per unit span

Sq etatic moment of wing per unit span about ths elastic axis
_To... moment of inortia of the wing per unilty span about the elastlc arxis,

In order to arply finite—span correctiopns to flutter analysis a
procedure should be ouilinsd.. 4 possible-method is to analyze Tirst
the problem in question by us:!.ng the conventional two-dlmensional asro—
dynamic terms intégrated along the span., If the resulting spsod occurs
in a range deemed critica.l. the rinlte-sgpen correctione may be intro—
duced.

Sinoce 'l:he a.nalys'.ls ueing the two—dimensiopel veluss of the aerody—
nemic perts of the texms of thes fiutter determinent gives the approxi—
mete range of frecusncr paramsters in which fiutter may be expected, the
range of frequsncy paremstere which mast ve investigatei for gn amalysis
using finite—span cocrrections is minimizod. In guneral, the mmber of
frequency parameters investigeted by ueing -.hres~d.1manaiona.1 aerodynamic
‘tonsliderations may be limited to three valuse when this method is used.
In the enalysis condiicted it has been foumd 1het the calculated flutter

i
—
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speed eccurs at a somewhet 1owar va.).ue of the frequency parameter when

the finite—span corrections are epplied. Thie shodld be kept in mind -
when conducting flutter a.na_l,ys‘s whi.ch takeos .Lnto account the effect of

a finlte span.

The procedure outlined will be used in the two examplep preaented
in this a.ppend.!.x

EXAMPIE I

This example is presented priwarily to illustrate the method of
applying finite-span corrections to a simple wing in bending and torsion
flutter. The wing sélected for the analysis wae the N—75 wing of refer—
ence 7. In order to supply more accurate data on the characterietics of
the wing, it was again testsd in the M.I,T. flutter laboratory with
equiprernt which wa.s not a.vaila.hle when tha or‘ gina.l tosts weres con—
ducted.. 0

The N—75 wing 1s a réotangula.r wing of aspect ratio 6 with the fol—
lowing characteristics:

2ab, = 60 in.

2b. = 10 in.

Q

a = -0.30

=
1

0,0CF5 slug/ft -
Sq = 0.00068 slug—<t/ft
I, = 0.00059 elug-ft*/ft

wy(measured uncoupled grouvni '
frequency in torsion) = 8.9 cpe

oy, (measured uncoupled ground
frequancy in bend.ing) = 3.9 cps

op = 0.068

_Ga. - 0.070
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Since all experimental tests weyre conducted at approximately steand—
ard soa-level conlitions, the anaiysis will be conductod using the
standard sea-level value for the density,

o = 0.002378 slug/ft>

No data on the true fluttsr mode shapes were provided: so the anal—
¥sis will be carriod out with a linear +torsion and a parebolic bonding
mods assuned. The terms of tho flutter determinsnt for this special
cass heve been intogreted explicitly ani are provided in eguatione (23),
(31), end (B4). The analysis will bs performed and these integrated
flutter terms used.

Fluttsr \nalysie with Twc—Dizersional Valuos
for thw Aerodynamic Parts of the Determinant
When tho supplied data is incorposrasted in ths. structural perts of
the determinant tverms from equation (Bh). these torms become,

Q.
4
(1 +

M £
A, = 1 ~
=8 '

Smpb 2 (

0
éTQP

| R |

igy)

.;.1;3331 {1 —~ 0.1920 C:i" )a_ (1 + 1gy,) -,

,.,—,;j-m-al
= Bxph ’_ ( )cl"'i&")'

-oemsfa-(2) 6]

The corresponding aerodynamic parts of the determinant terms Ba s
Basr Das and JFy from equations (23) from two-dimensicngl. considerations
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may be calculated directly for several va.lues of the frequency para.metar
by the use of {able I. _

The two-—dd.mensional aerodynamlc terms for the rectangular wing with
e linear torsion mode and a parabolic bending mode are:

!:?

]
=
;——

-

i
V]
j
wiQ
E
| SES—— )

L X
1 171 v~ {2 etr1 \
B i {-tG-e) s (3re)r (o+3) [HE2G-2)]
xc(k)}

Since the aercdynamic terms of the flutter determinant—for this
epecial case may be calculated by simple formula substitution of the
values of C(k), a, and k, and since - C(k, is tabulated as a function
of k 1in table I, the actusl calculation of the sercdynamic terms 18
not performed here. The dsterminant—erms howsver, are tabulated in
table X as a Punction of the freguency parameter k.

The flutter doterminant thus evaluated and tabulated in table X
will be solved by the method outlined in reference L. This method will
not be illustrated, but the two solutions to each of the resultant com—
plex quadratic equations are tebulated as & functiom of the frequsncy
paramnster k in the following table: .
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ROOTS OF THE FLUTTER BQUATION

Piret solz‘rbion Becond solution
X Va . Vz
. N 81 - . &2 .
(mph) Sl (mph)
0.4 17.4% —0_.639 29.0 c.081
5 13.7 k39 25.1 | - .030
.6 11.3 - .330 22.3 - .08;

45

The fluttexr speed 'by this method is determined graphically in figure 23,

and 18 equal~to

€ mph.

Flutter Analysls with Finlte-Spen Corrections

Since the primery purpose of the report is to illustrate a means of
incorporating finitu-span corrections in flutter analysis, the means of
calculeting the correction funoctions o (h &, B, 7)) will be illustrabd
and these funciions applied in thils simple flutter problem.

It has been shown in equation (31} for this special case that the
finite—span corrections may be expressed in the following Form;
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Az} = 2%t (2) = s
s . - 1

21 L0 | 4 21[ 1Jy _H's:t( ' Kap - ]
AA=-2L az = — 22 | 0 4 2 ( x ~2h 5
A=—f s T Ty *To—i3 Ibig\ w5 md

r - 1.0

-l ;a1 _ s
AB= Lz+% (2 a./.-:! fo a'mzdz

Ty —idy
;-jl'_ t I ) N 1 L T -l
x| =K —_— ———— —_ T
L3 Rt I5 I%‘,’.‘ " Jos5 =R * 35 Fm LT

k ) L ,j'o_::-_-iJ_\_
X | Kig + ZKeq — 2 Kfq + ——Kirg —.. - . — J
| K + sa — 35 K%+ 755 Kira 1

Since the algebralc terms developed for this speclal example cannot
be developed easily for the gensral case, the correction terms will
usually have to be determined by graphical or numerical imtegration. For
this example,then,the corrections will be determinsd by graphlcal inte—
gration and by formula substitution in the relations lisfed previocusly.

It can be shown from equation (27) that the correction function ay
may be written for the rectangular wing as,

=~

idy -f( W A
BTl T N )
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where f J(y) is the deflection at the station undsr consideration ani

w 18 a function which is proportional to the circulation end may bs
expressed as,

w = >—‘K' sln nQ

i nJ I

The K;:J texms of this Fourler series mey be found Prom the set of

eguatlons,
?_x:'x,j Ao = 3G ) ) .

The relation,

holds only to the special cﬁae of the rectanguiar wing, but the genoral
mothod of findinzg w 1is the sams as that for finding nJ.

In oxdsr to illustrate the methcd the correctlion terms willl be cal—
culated for k, = 0.4. Since .the method is similar for any velue of k,,

the procedure will not be repeated for the other valuss of the frequency
peremeter inveatigated. The results, however, will Ye tabulated for
other values of Kq - :

The paremetors and tabulated functions necessary for the dsterml-—
nation of o4 for the selected value of ths freguency paramster,

ko, = 0.4, are
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koak-O.h-

NI

Yo

B8 w6

kos = 2.4

u(k) = u(k,) = 0.2644 -- 0.096k1

C +
dJ,

o — 103

1J3

= 0.5850 + 0.030591

The S,(f, k,8) functione listed in the following table arc ob—
tained from the plots cf &.(f, k.e) agalnst k. in figurs 2:

! 1
b sin nf I
Bho n n sn(¢! kﬂ) !
i 1 .1 0.230 — 0.2954
3 —0.3333 —-.493 + 353544
— 0 5 L2000 T 630 ~ L3374
T —~.1lh29 -.T15 + .310%L
1 0.9165 0.280 — 0.3004;
_ N 3 ~.1099 —-.20k + .115%
) 0.k > —-.0936 ~.326 + 1741
L T .1380 STT2 — L3154
1 0.600 0.588 — 0.2801
8 3 .3120 585 — .535¢
0. 5 | ~.0151 ~.110 + .1374
T -.1393 -1.,330 + .3604
1 0 1.665 + 1.3101
3 0 3.115 +  .T724
10 N5 0 5.050 + .L851
T (o} T.025 + 34
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When these functione have been tabulated, the lntegral eguation
nust be solved to fix the clrculation dlstribution along the span. It
ie thought that the circulation can be approximated satisfactorily for
a rectangular wing by the use of a four—term Fourler series spproxima-
tion. For thie example the integral equation will be satisfied at

y/sb = 0, 0.4, 0.8, and 1,0,
The integral equation,
-
14

? Enghom = €3 )y

then becomes & set of four simutanecus linear eguations to be solved
for the Kn.j coefficients. Bince the modes mssumed are symmetrical,

only edd values »f n will occur.

The Apy functlions are equal to

Agy = sipng , = n(k)s,(g, ks)
n a‘bo

and vhen these terms are eveluated for n = 1, 3, 5, T at
y/ev, =0, 0.4, 0.8, 1.0, the A, functions becams, for y/eb, = O,

Ayy =1 + x{0.264kL E 0.09641) (0.230 — 0.2951)

1+ (0.138% — 0.05051)(0.230 — 0.2951)
= 1,0169 - 0.052k1

Aay = —0.3333 + (0.1384 — 0.05051}(-0.493 + 0.3541)
~0.3837 + 0.0735%

0.2000 + (0.1384 — 0.05051)(0.630 — 0.3371)

A5y

0.2702 ~ 0.07854
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" A,y = 20,1429 + (0.138k ~ 0.05051)(~0.715 + 0.3101) "
B 0,262 + 0.07901
for y/eb, = 0.k,
Ay = 0.9165 + (0.138h — 0.05051)(0.280 -~ 0.3001)
= 0.9401 ~ 0.05574

Agp = ~0.1099 + (0.1384-— 0.05051)(~0.204"+ 0.11513
= ~0.1323 + 0.02621

A, = ~0.0936 + (0,1384 ~ 0.05051)(~0.326 + 0.1744)
= -0.1259 + 0.0M051

A,p = 0.1380 + (0.138% - 0.03051)(0.772 - 0.3151) .
= 0.2289 - 0.08261

for y/eb, = 0.8,

A, = 0.600 + (0.138% — 0.05051)(0.588 —~ 0.2801)
0.6672 — 0.0684{ '

0.3120 + (0.138k — 0.05051)(0.985 ~ 0.5351)

-

g

- = 0.4213 ~ 0.12381

£

~0.0151 + (0.1384 —~ 0.05051)(-0.110 + 0.1374)

—0.0234 + 0.02451 -

A, = -0.1398 + (0.138% ~ 0.05051)(~1.330 + 0.3601)

=0.305T7 + 0.1170%
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end for y/sb, = 1.0,

Al_,, = (0.138% - 0.0;051)(1.665 + 1.3104)
0.2966 + 0.09721

5
]

ag = (0.138k — 0.05051)(3.115 + 0.7721)
= 0.4701 — 0.05034

(0.138%4 — 0_05051)(5.Q50 +°0.4851)
0.7234 — 0.18791

Bas.

Br¢ = (0.138% - 0.05031)(7.023 + 0.34ki)
= 0.9896 — G.30721

With the valuoes of Am determined. and since the modes In ques—
tion are lmown, thc sot of simmltansous equatlons,

E:n.JA =f(')

may be solved. This soluiion is carried out in table XI by the use of
the Crout method of reference 8.

‘When the K.:IJ terms have been calculated, the function w which

is proportional toc the circulation is established snd the correction
functions 'GJ(J = @, h) may be calculated. Tho values of w at vari-

cus stations alopg the span are celculatod in teble XII and the
J(J = o, h) functions are caloulated in table XIII.

- By usin.g t.he correction function, the corrections to the dstexmi—
- nant terms mey be evaluated graphically. In table XIV the Integrands
* of the followlng pertinent integrals are tabt.la.ted. for this graphicel
integration: . .. .
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~n1.0 11.0 s 21.0 4 - o
/ oy% dz , / 0.2 4z , / opr dz , f o, z<dz
» oS . » .

)

o . . - o . (

'.[hee? :;.ntegrals are evaluated gra.phicaJJ;r in figure 24, (a), (b), (c),
and (4 . —

e g e e

Foxr this spocial cass 1t 1a possible to compare the valiues of the
graphical integratlon with those obtained by substituting valusa in the
algebraic equations of equation (31) ae 1s done in the following tablo:

For ks = 0.4

Term By graphical integration By direct integration

1. 4 :

S, onzidz ~0.040 + 0.0101 ~0.039 + 0.0111
1.0 ) .

! . 0,z 4z —-.0k2 &+ .ol - . —.0k2 + .01l
1.!-‘

/. opz 4z -.0k3 + .0121 . - —-.043 + 0131
1.0 '

j’é o 2%dz —-.018 + 0171 -.0L7 + .018t

The asrodynamic corrections themselves are tabulated for a renge
of ko in table XV along with the calculated determinant terms cox—

rected for Iinite—epen effects.

The flutter dsterminarte corrected for finite-span effects, the
torms of which are listed ...n table XV, cah be expanded and solved. This
was done, and the resuliling LOX quadratic equation was solved by
use .of the method of -eference Theso results are tsbulated as e
function of lr. in the’ follonng table: .
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ROOTS OF THE FIUTTER EQUATLION

First solution . Second solution

¥o Vi, | Va
(aph) &2 () 8a
0.333 20.8 ~0.565 33.3 0.035
.o 17.2 —-.428 .| 29.7 | -.058
.50 13.5 |, —-316 | 25.8 —.120

The actual determination of the ca.lcuia.'bed. flutter speed 1s carried out
graphically in figure 23 end the flutter speed is equal to 34.2 mph.

Discussion of the results of example I.— When the N-—T5- wing of ref—

erence T with a 10-inoh ohordi wes tested for flutter, the wing was
obsexrved to flutter at about 34 mpk for low sngles of atback. The same
wing was agaln tested by the steff of the M.I.T. flutter laboratory, °
when thie wing was selected for anslysis in the present report, to pro—
vide the measured uncoupled ground frequencies I1n dbending and torsion
and to determine the decay curves of the uncoupled bendling and torsion
modes so the damping coefficients could be calculated. In addition,
ﬂie wing was again tested in flutter and was observed to flutter et
34,2 mph.

Since the calculated value of the flutter speed with finite—span
corrections was found to be 34,2 mph for a value of the freguency
paremster Kk, of about 0.3, the check between the theoretical and

meesured values is remarkeble, It should be noted, however, thet this
close check was entirely umexpected since the IFflutter modes used in
the analysis were not found by conducting a ground-+ibretion—mode
anelysis, nor were they observed 1in actual flutter teets, It 1s be— -.
lieved, however, that the modes used were reasonable.

As an afterthought, the M.XI.T. flutter laboratory installed end
plates in the wind tunnel as near the tips of the wing modsl as was
practicable (the gap was about 1/16 in.) in order to approximemte two—
dimensional flow conditions as nearly es posslble. When this was dons,
the meesured flutter speed wes 30.7 mph. The calculated two—dimensional
valus was 28.6 mph for a value of k, of about O.41L. This too is a

remarkable check, considexing that & truly two-dimensional flow was not
possible under the test condliions hegause a slight gap was left be—
tween the wing tips and the end plates. Fyom this analysis it seems
that the extre work of a three—dlmensjopal. analysis is Justifiled.
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— EXAMPIE II ~ -

In this exmmplse the tall-flutter problem of Example No. T of ref-—
erence L will be analyzed with the benefit of finlte—epan corrections.
The teill in question £fluttérs In fuselage torsion and fudelage bending.
For the sake of the analysia 'bhe eurfaces themselves are aesumed to be
rigid. S

When this example was anslyzed in reference U4, a method of equive—
lent asrodynamic chords was used to calculate the aserodynamic
coefficlents. This msethod is.mesuitable for more exact analvees and is
replaced in this problem by a two~dimensional method of ca.lcula.ting the
aerodynamic coefficients which -despends on the plan form of the suraces
to be analyzed and in which tl.s two-dimensional aerodynemic coefficdients
are integrated alonz the sran. In this prcplem the structural parts of
" the determirent terms used will he those of Example Ho T {reference u).

The vertical and horlzontal tall surfacee. usad in this problem are
shown in figures 25 ani 25. Various other physicel characteristics of
the surlaces are listed in tables XIVI aud XVII. Ths. va.lues of +the un—
ooup...ed frocuencies to be used in the analyslis ars

mm(asaumd uncoupled fuselage sid.eu-‘bendi_ng frequency) = 146.1 radians/sec

@, (aesumsd uncoupled fuselage torsion freguency) = 65.0 redians/sec

aaﬂ(rrea—rudder_r:aequency) = 0 radien/sec

8:%-3&-(}_038
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From Exemple No. 7 of reference 4, the structural terms used are

A, = 67.27 [‘:l— (:i‘-:)a 1.988(1 + 1gy) ]f‘b
By = 100.1 £t
C, = 1.731 £t
D, = 100.1 %

J'H

= 18091 [ 1-(?)2(1+ 13(,,)] £t

= 23.85 £t

J"‘#

= L.737 %

Iy

J‘m

= 23.916 ft

= 3.992 {t

I
-ﬂ

The fuselage torsion and silde-bending modes gessumed in this example
glve the taill surfaces the following modes: ‘The horizontal tall will
flutter with a rigid rolling mods. The vertical tall will have a rigld
rolling mode and a uniform pitchlng mode about the fuselage bending
aexis. The rudder wlll have a uniform deflection mode and since a geared
tab is provided on the ruddsr, the tab will also have a uniform deflec—
tion mode. It is for these modee that the asrodynemic parte of the
flutter determinant must be celculated. DBecause of ths difference in
the root chords, the value of k, for ths vertical tall will be 1.16

times the k, of the horizontal tail.
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Flutter Analysis with ‘Two-Dimensional Velues
for the Asrodynamic Parts of the Determinant

v Masnweancstncs +ha walakdana  Par- the ture-dimanaion 1 é.gmdmmic
Iy 2V - Vb WALRT Cde Wk Al -

m"’%&% WiAS e W ol WP W W S s e e = vy Sl il

terms in equation (23) to fit the epecial conditions of this example
(vhere the H subscript indicetes valuss perteining to the horizontal
tall and the V subscripts, to the vertlcal tail), the texrms become

A = (sbo)vﬁl'o ( 31"3—3 )2 [1 - i-:: G(k.v.)] 12ax
[ () o]

o, [ (35T (-G o) [

7N

+§i— %—a)_ié(hv)}zdz

G = (sbo)vl;l.o <%>s{—,~i":cﬁa-cﬁx]

[ % + %—2-] c(kv)} zdz

+ nlsby) J:: ( ;—;5 >$ { - [;—v— c,,'.2 - ch]

_ !__[ 2.::}(;1) . w:‘(ra). ] G(x,) } 2dz

A |+
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Iy = (en) «/‘10 (3 33) { IL:Z: iigz'Aﬁll
()DL B oo ) e
+ n(s'bo)‘r Jpz:'< » 33) { l'

L3O @[22 2 Ju) o

g, = (aby) 10(333 LBm-—s- —c(k,,) }
sm o, [ (e o

=k k(3-0) Jow} o
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a0, [ (-5 ]
% 7o |

= 3 e fe
o +n(gb°)v_-/;:4(%>4 {-[E_;_a“'_}z:a_%l]

Ea [enl(a) 182{d)

- + 1@(5}&
2x? k$ Ky J. Xy

These integrals may be evaluated graphicelly for a given value of
the frequency parameter. By noting that the frequency parameters are
different for the vertical and horizontal ftail surfaces, the function
c(kx) can be found from the tables. The functions A, B, and C can
be found in reference 1. The function E 1s defined in eguation (5).

There 18, then, no obstecle to this graphical integratiom.

The results of evaluating these integrals for a rangs of X, are

tabulated in teble XVIII along with the elements of the determinent.
— The determinants themselves are solved by the methed of reference i and
are tabulated in the following table:

ROOTS OF FLUTTER DETERMINANT FOR VARIOUS Ik,

l Xom Xov (m;;) & (mzf) 82
0.686 0.795 172 0.00k 268 -0.176
.600 .696 . 19k .011 31k —. 248
i 436 .506 257 .052 431 ~.303
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The calculated flutter epeed is determined gra.phice._]_]y in figure 27.
The ‘true airspeed celculated by this mesthod is 2h3 mph.

Flutter Analysis with Aerodynamic Texrma Corrected
for Finite—Span Effects

The relations for the finite—span corrsctions from equation (25)
modified for thls example becoms .

&&= (5 /““‘(333/ :'_;-dhv.]zéé..'

4D = (e, [Lo(, 3?;3-)8{(%*‘}%“
reoa, [ (S O () [ b
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caeiony [T (G5 B m) s

+n(a‘b) f;. (333>{(—+a)< )Fﬂﬂ:éd) ﬂ::d)}

xapv}dz
Aﬂ:"'(e'bo)v /;3-"" %)a[—;k i’;"hv]‘d"

ox-tomy [(3E) L REE(2) Jow e

1.0 bv_'ir Es fo.ii] iR
AE-(sbo)v/; (3“3‘5)1 .- k{ kva_ gv}tlz

2.0 + ~ a4 -
by ™ Ba [ 2B;{d} 1Ex(d) ]
+ n.(exbo)v /; ( IS /:_{ - =L kf. * o J 677} dz

When these terms are investigated, it 1s obsarved that five types
of o4 eppear in the different relatioms. This means that five sets

of simmltaneous eguations must be solved to deturmine the clrculation
distributions over theose surfa.oes and thus the correction functiona UJ

for each value of ®fU selected.

For the surfaces provided in this j)z-:h?.em, it _i_a felt that a th:nae-
term Fourier series approximation for the cireulation will be satlisfac—
toxy. This means that filve set.s of three simultaneous equations must be
solved, _
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In thie probiem there.sgye thres basic, types . of solution in each of
which the A, terms ere.‘the Samei +the rolling of the horizentel tail

surfaces, the rolling of the Vertical tatl wmurfacse; and the pltching

of the vertical tall surfaces; rudder de¥leé¢tion, and tab deflection.

Of the five sclutlions'to 'be conducted, only-the eolution for the teb de—
flection 1s problematical, begause of. the.dlscontinuous angles of atteck
at the tab extremities.which meke it Impossible to obtain a satiefactory
circulation distribution with e finite nymber of texrms in the Fouriler
serles approximation. The stand is taken.that soms correction is better
than none though: so the -three—term approximation-for the circulation is
uzsed for this mode too.

For the two rolling modes the 1;1'begra1 eguation will be satisfled
at y/eb, = 0.4, 0.6; and 0.8, and for the.three symmetrical modes

y/sb, = 0, 0.4, and 08 rorthe-omngmdes, n=2, % 6 entfor
the symmetrical modes n = 1, 3, 5. . :

In the a.na:lysis 'bhe vértica.l ta.il 15 ha.nd.'l.ad. a.s :1.1’ it were halfl of
a ving with a full-span aileron. This is sssumed to be satisfactoxry
since the horizontel tall sctis as an end plate at the root chord.

In order to 1llustrate ths prooedm a value of /U will be se—
lected which will give for the vertical’ tell e value of k, = O, 506 end

for the Lori zonta.] tail a va.lue of l:o = 0, 11-36
‘For the rolling of the horizontal tail the correctionr functions
Gy maybepp.loulatedasfollm . e

- ; - . =y

" The necessa.ry perameters a.nd. functions for the solutions are first
listed 1n the following tablss: ..

(k, = 0.436)
I R U5 T JRRE 1:1¢ > N PP\ ol (i)
sb, by kﬂ}_z)(k) Jo(k)—‘iJl(k)

0.% [0.375 | 0.860 | 0.9126 ~ 0.14961[0.5988 + 0;0151;1 0.2463 — 0.08731
L .336}1 .Tro| .9451 — .1THTL| .6205 — .00881i | .283k — .10381
Bl 286 .655| .9953 — .205L41| .6523 &...039ki | .3007 - .1089




| ks -';.101,_ y/eb, = 0.4

i! %
n ‘B—'ﬂ Bn_(¢: kbs)
n - .
2!  0.3867. |- O.hoh —0.2781
L -, 2403 . ~.850 + .2931
6 1132 579 ~ .1501
y/sbg, = 0.6
2] 7 o.u800". 0.780 — Q.390%
L -, 1344 - =587 + 1801
6 —.1068 ~.710 + .1782
- y/sb, = 0.8
2 T Q.4800 0.788 - 0.4331
Iy k) L5285 ~ L1704
5 —-.1098 —-.710 + .2031

When this ie

may be evaluatod..

done, the A, coefficients of the

. —(2) - )
"%

Zznd Anm

integral equation,

By teking the necessary velues from the tables &nd moting that

the A, oocefficlente become,

Ceren

Ao

;1sinn¢*ﬁb

_ .. __.no 8by

p(k)Sn(Sé.; k.8)




FACA TN Fo. 1195 ' . o 63

for y/sb, = 0.4,

x(0.860)
2.525

= 0.3667. + (0.2635 ~ 0.09341) (0.4oh — 0.2781)

Agy = 0.3667 + (0.2453 ~ 0.08731) (0.kgk — 0.2781)

= 0.4709 —~ 0,119k

Agy = —0.2493 + (0.2535 — 0.09341) (-0.850 + 0.2931)
= —0.L459 + 0,15651

Agy = 0.1132 + (0.2635 — 0.05348) (0.575 — 0.1501)
= 0.2507 — 0.09321

for y/eb, = 0.6,

Ans = 0.4800 + -‘%9-;;-7} (0.283k ~ 0.10381) (0.790 — 0.3901)
w 0.4800 + (0.2715 — 0.0994) (0.750 — 0.3901)

= 0,6559 — 0.18k41

Ao = ~0:)234h 4+ (0.2715 —~ 0.093k1) (~0.5L4T + 0.1601)
= ~0.2670 + 0.09781

Agg = —0.1098 + (0.2715 — 0.09941) (-0.710 + 0.178%)
- —0.28“9 + 0.1131%
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for y/sby, = 0.8,

Aaq = 0-4800 + 2222 (0,307 — 0.10891) (0.786 — 0.1331)

= 0.4800 + (0.2450 — 0,08871)(0.788 — 0.4331)
= 0.8347 — 0,1761

Ag = 0.1344 + (0.2450 — 0.08871)(0.525 — 0.1701)
w 0,279 — 0.08821

Agg = —0.1098 + (0.2450 — 0.08871)(—0.710 + 0.2031)
= —-0,2657 + 0.11271

Vheri the A, coefficients have been celculated, the two—

dimensional circulation functions (TS;) must be evaluated. For the
rolling mode,

— 10(x)
n(a) ol [_L_)__ 1Xxm s £,(9)

h
x 1% (x) |

where in this case,

=== fhcs) - _L-

s'bo

In this example the sweepback function eikm appears as there ia
some sweep in the surfeces. The trailing and lsading-edge coordinates
of the surfaces can be found in figures 25 and 26. By using the pre—
viocusly tebulated paramsters and functions and introducing the eweep

functions, the velues of 5}&2) may be determined as follows:

B [
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for y/sbo - o'h’

17,"‘11'._-0-733"‘0'988,0128
2b, 2 ]

_km = k 7, = 0.0558

zm.-

o . (0.9985 + 0.05581)

Go") = 1(0.9126 ~ 0.14961)(0,9985 + 0.05584)(0.37501) (0.)

= 0.0591 + 0.55184
for y/B'bo = 0.6,

z, = -0.600 +20.930 - 0.165

. X, = 0.0835

- "™ = (0.9965 + 0.9341)

5}(12) = 4(0.9451 — 0.17474)(0.9965 + 0.08341)(1 0.335)({0.6)

= 0.0768 + 0.77091
for y/s'bo = 0.8,

-0.475 + 0.855
zm = > = 0,190

k‘m. = 0.0961
i’m - (o 8595k '+ 0. 09601)

r—l]gz) %(0.9953 — 0.205k1)(0.995k + O. 09501)(0 2861)(0.8)
= 0.0996 + 0.92L51
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Tha gsb of equations,

2
). Fason = Tom
way now be solved, This ls done in table XIX by the Crout method,

When the valucs of K, bavo been determined, tho valuss of

= LK ain ng

can be found and thia 1ls done in table XX,

The values of the corrsction funotians can now be calculated with
it noted that

173 (x) ] 83 )

Lc(k) 7 (K) = 131 (k) &g—;)' h

This is done as follows,

for y/eb, = 0.k,

-

—0.059% + 0.43ket _ 7
0.0591 + 0.5518L  J

= {0.59883 + 0.015L41) l_

-.—o.lua'r + 0,110%.

for y/sbg, = 0,6

-0,0895 + 0. 580’#1 l'J

oy = (0.6205 — 0.00881
ng = 2 )L 0.0768 + O,TTQ91
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for y/ sb, = 0.8

—0.105T7 + 0.66861 _ 1]

- . — 0.03941 [
ong = (0.6523 39%1) 0.0996 + 0.92451

An exactly seimilar procedi':.re mist be followed to find the ocorrec—
tioms, Ouve gy GW’ a.nd. O for.a. given value of k. y. It should

be remembered. though that the velus of ko is different for the ver—
tical tail.

When all the correction functions have been evaluated, the values
of the finlte—epen corrections cen be found by a graphlicel or pnumerical
integration of the integrals listed in the beginning cof this sectiom of
Example IT., This integration was carried out, ani the values of the
finite-span corrections found are listed in table XXI. The flutter de—
terminant terms calculated with use of two—dimenslicnsl aerodynamic
considerations and those corrected for finite—spen effects are also
listed in this table. :

The determinants can now be Bolved. TFor this problem the solutions
are found by the method of reference L and the results are tabulated in
the following teble:

First solution Second solution
koH kov Vi ) V=
(mph) 82 (mph) 82
0.436 0.506 267 0.030 423 ~0.212
.600 .696 196 012 308 - 151
.686 .T95 173 .006 233 - 071

The actuel flutter speed 1s determined graephically in figure 27. The
calculated value of the true alrspeed at whlch fluttexr cccurs when the
finite—span coryections are used is 299 mph.

Discussion of Example II.— Example No. 7 of reference I indicates
that the observed Tflutter speed for the tall analyzed 1n this problem
fluttered experimentally at about 262 mph true airepeed. The fact that
the theoreticel enslysis, however, doem not check the observed flutter
speed is not considered significant because the obeerved flutter speed
was reported by a pilot some time ago and may not be accurate and the
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analysis 18 e.;p_c;::oxima.te in that no attempt was made to take into account
the effective inertlia due to wing motion or the elestic restraint end
demping in the rudder control system.

.. It 18 considsred significant that the three theoretical analyses
give such widely varying values for the calculated flutter speed. These
values of the true alrspeed are 220 mph for flutter speed calculated by
the method of equivalent chorde of reference 4; 242 mph for a value of

for the flutter speed, of about 0.55, when the. iwo-dimensional aero—
dynemic terms ere integrated along the span; and 299 mph for a value of
k, of about 0.k5, when the aerodynamic terms ere corrected for the ef~

fects of a finite apan.
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VALUES OF FUNCTION C = F + 1G

_NACA .TN .No, 1195

TABLE I

TABLE II

VALUES OF FUNGTION (k)

Kk C- Sk A
0.00 1.0000 - 0.00001| | Q.00 0.5000 .- 0.00004%
0.01 0.982l - o0.o4821 0.02" 0.810 - 0.04221
0.025. 0.9545 - 0.08721 -_-o.o% 0.4607 ~ 0,06651
0.0L 0.9267 - 0.11601 0.0 0.,}410 - 0.08291
0.0 o.gogo - 0.1 QZi 0.08 ‘0.li226 -~ 0.09421
0.0 0.8920 - 0,14261| }.0.10 " 0.4051 - 0.10181%
.08 0.8604 -~ 0.160h1 0.125 '0.3857 - 0.10821
0.10 0.83%20 -~ 0.17231 0.15 . 0.3690 - 0.11201
0.12 0.806% - 0.18011 0.175 0.3522 ~-.0.11301%
0.1 ~0.7628 -- 0.18761 0.20" - 0'5396" 0.11391
1 0.20 . 0;2256'-'0.18 61 0.225 0.3268 - 6.11321
0.2 o. 2 9 -'0.18621 0.25" 0.5%Zh - 0.11163
0.30 0.6650 -_o.L79gi 0.275 - 0.3009 ~ 0.10991
0.34. - 0.6469 - 0.173B1, 0.3%0 0.2955 -~ 0.10761
o.ﬁo - " 0.6250 - 0.16501| | 0.35 0'22h7 - 0.10231
o.4L 0.6130 - 0:.1592%° o.ﬁo 0.264L - 0,09641
0.50Q 0.5979 - 0.13251 0.45 - - - o.gzl - p;ogo31
o.zar'- "~ 0.5 Bg - 0.,14281 0.50" - 0.20L08 - 0.08L21
0.60 - - 0.5788 - 0.13781] -] 0.55 "0.2289 - 0.07751
0.65 0.5213 - 0.13121 0.60 - 0,2220 1.0.02221
0.66 0.5699-~-0.13081 0.65 - 0.2139 .- .0.06651
0.70. . © 06647 - 0.12651 0.70 -0.2062 - 0.06101
o.gs__ 0.5591 - 0.12121 o.zs 0.1991 - 0.05571
0.80: . 0.5541 - 0.11651 0.80. - 0.192lf - 0.05071
0.85 075507 - 0.11201 0.90 " 0.1801 - 0.0[131
0.90 0.5L60 .- 0.10781 1.00 0.1688 - 0.0%291
0.95 .o.shzz:f_q.10h01 1.25 0,136 --0.01591
1.00 ~ 0.539L - . 0.10031} [1.50 0.1218 - '0.00L21
1.20 0.5300 --0.08721'~ 1.75 0.1027 + 0.00301%
1.50 0.5210 - D.07361 2.00 0.086L + 0.00661
.00 0.5129 .. 0.05771 2.10 0.0807 + 0.00704i
.00 0.5063 - 0.0L001 2.15 0.0780 + 0.00721
.00 0.5037 .- 0.03051 2.20 0.0754 + 0.00721
6.00 0.5917 -.0.02061 2.25 0.0730 + 0.00721
10,00 0.5006 - 0.01 2.30 0.0706 + 0.00701
oo 0.5000 - 0.0000%| 2.&5' 0.068L4 + 0.0D691
— : Elhg 0.G663 + O.006A:
2. 5.0532 + o Ul

NATIONAL ADVISORY " ools - aloas

COMMITTEE FOR AERONAUTICS. 2. 24 5.0551 + 9-902i3

¢
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TABLE IV
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VALUES OF FUNCTION

VALUES OF FUNCTION
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VALUES OF FUNCTION F(x) = /o- e‘i’\(% * %

x F
0.00 w - 1.& 11
.05 2.750 - 1.[i681
.10 2,109 - 1.3131
.20 1.’-‘.90 - 1.2‘ 1
15 | 158 T bk
.50 o:z7g - 0.9871
] O 0- qs - 003221
.70 0.564 - 0.8651
Y 0 0.3—89 - 0-81 1
90 0.2 0.76B1
1.00 01372 - 032261
1.10 0.33% - 0.6891
1-20 | 3:32 - 5.2
Li | st o
1ig | oiial ol
380 o:3de - o:Eg 1
1.90 0.146 - 0.L4751
2.00 0.13 - 0.4581

VALUES OF FURCTIONS ""T“i AGATNST oosg{-F-

TABLE VII

NACA TN No. 1196

fo +4\_'_)d)\

XN

x B
2.2 0'113 - o.h251
2.% 0.037 - 0.3951
2:8 | 9:092 - o:3ndt
5.3 8.0Z5 - 8.3321
3- oo - .5 1
3.% 0.023 - 0.2851
3. 0.043 - 0.22 3
.8 0.039 - 0.2601
a.o 0.035 - 0.2,81,
L.2 0.031 - 0.2321
h.% 0.028 - 0.2261
L. 0.026 - 0.2131
h-.e 0'02'-'- - 0.20 1
5.0 01022 - 0.20’01
5-2 0.020 - 0.1 21
5.% 0.018 - 0.1851
5. o.ol - 0.1791
2.8 0.016 - 0.172%
.0 0.015 - 0.1671

1/2x® 1/x

NATIONAL ADVISORY

-

COMMITTEE FOR AERONAUTICS

E{Leosd o] 0.2 o.L 0.5 0.6 0.8 0.9 1.00

sing 1 | 0.9798 | 0.9165 |0.8660 | 0.800 |0.600 |0.L355

sip 2 0 | 0.1959 {0.3667 | 0.4330 | 6.14800 } 0.4800 |0.3921

ain -0.3%3% | -0.27hly |-0.1099 o }0.1173 | 0.3120 {0.3255
EE%%Hé o [-0.1803 0.2493 |-0.2165 |-0.134) | 0.134L {0.2433

sin 0.2000| 0.1070 }-0.0936 +0.1732 {-0.1994 }-0.0151 |0.1550

sin 6 "o | 0.1558 | 0.1132 o }-0.1098 |-0.1098 | 0.0707

sin .0.1429 | -0.0472 | 0.1380 | 0.1238 | 0.0295 |-0.1398 |-0.0022

sin 8 o |-0.1249 | 0.0188 | 0.1083 | 0.113L |-0.113L |-0.0558

31?_ 0.1111]-0.0246 {-0.0940 o] 0.0980 |-0.0525 |-0.0882
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TABLE VI

VALUES OF FUNCTION

7

cos g - cos@

cos g - cos 8|

F cosn® 4o

FOR VARIOUS VALUES OF n, kgs, end y#/s = cos £

kos =0
meesgl o 0.4 'o-.6 0.8 1.0
1 1 1 1 1 1
2 0 0.8001 } 1.2000 } 1.6000} 2
3 -1 {o.8401 [-0.3593 | 0.4399 } 1.5601| 3
I 0 -1.0879 |-0.6722 | 0.8963| L
5 1 (o.sh61 |-0.5105 |-1.2Lj64 [-0.1259]| 5
6_ o 0.6792 |-0.823L4 [|-1.3723| 6
7 -1 }o.3373 | 1.0542 | 0.2578 [-1.6307| 7
8 o] 0.1644 | 1.1335 |-1.5113] 8
9 1 }o0.2257 |-0.9232 | 1.1020 [-0.7876 9
NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS.
kos =
n~eQss 0 0.L 0.8
1 0.66 0.701 0.828
-0.31L% -0.2931 -0.1811
3 -0.851 -0.311 1.420
+0.2151 0.3631 —0.12%]4,1
5 0'908 —0-L|-6 -0.1
-0.1614 0.0731 w.o%gi




TABLE VI {continued)
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ks =1
cosf} ¢ 0.2 0.kt 0.6 0.8 1.0
1. | 0.4,68 0.479 0.516 | 0.589 0.729 11.250
-0.3561 | -0.3521 [-0.3401 [-0.%051 |-0.2231 }0.7271
2. | o.000 0.516 | 0.823 | 1.2204¢ {2.068
0.0001 -0.2741 }|-0.3821 |-0.4191 jO0.476%
-0.72 ~0.61 -0.27 0.331 1.280 .021
3 o.gogi o.zhgi o.oghi -o.5 01 |-0.38;1 3.3511
N 0.000 -0.869 |-0.556 0.7610 {4,009
0.0001 0.2821 | 0.1531 }-0.1621 |0.2,491
] 0.820 | o.u51 }-0.42h |-1.063 |[-0.116 .00
? -0.2411 -o.%301 0.1231 0.2731 0.0631 3.20?1
6 0.000 o.584 [-0,720 |-1.26 6.003
0.0001 -o.;hli 0.1671 0.1831 0.1661
7 -0.868 { ~0.316 0.92 0.231 |-1.498 7.002
0.205 0.0321 {-0.2061 §-0.0L21 | 0.2261 [O.1431
8 0.000 0.146 1,026 |-1.ho2 8.001
0.0001 -0.0321. |{-0.1871 | 0.1754% |0.1251
0.8 -00201 -0-8 1.008 -0. 6 -001
9 -0.1%?1 0.0661 o.1gti -0,1711 o.g 71 8.1111
kos =2
osg
] 0.2 o. 0.6 0.8 1.0
1 0.271 | 0.284 0.327 0. 0.622 1.551
-0.3181|-0.3201 | -0.5211 -o.%§%1 -0.2691 1.;;31
2 0.000 0.351 0. 0. 2.210
0.0001 -0.2361 -0, 931 -o.%g 0.8771
3 -0.545 {~0.468 | -0.221 0.245 1.062 %.083
0.3551| 0.2941 | 0.1131 | -0.1751 | -0.5054 | 0.64T1
L 0.000 -0.704 | -0.472 0.651 .038
0.000 - 0.3611 0.2301 -0.2331 _%.hg61
5 0.679 | 0.376 |-0.%352 |} -0.922 |-0.112 .01
~-0.3211 }-0.172% 0.1261 0.2701 0.1151 g.ho%t
é6 0.000 0.505 | -0.630 |-1.179 6.012
0.000% -0,1951 | 0.2381 | 0,2821 | 0.3321
7 -0.7 -0.299. 0.814 0.208 }-1. .006
0.2331 o.ozzi -0.2941 | -0.0581 0.3;31 3.2851
8 0.000 0.130 0.931 "| -1.3%01 8.o004
0.0001 ~0.0471 [ -0.2751 | 0.252% | 0.2501
9 0.803 1-0.178 |-0.755 0.92 ~0,.68 9.00%
-0.2591| 0.1081 | 0.2271 | -0.2581 | 0.0881 0.2221

NATIONAL ADVISORY
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NAQA TN No. 1ig5 TABIE VI (oconcluded)
ks =1L
'ﬁ§9223‘ 0 0.2 o.L 0.6 0.8 1.0
1 0.1%2 0.140 o.éﬁg 0.256 o484 2.055
-0.2341 | -0.2361} -0.2481 | -0.2821 | -0,3151 | 1.7
2 0.000 0.19 0.390. 0.689 Z.Ego
0.0001 -0.2 -0.3901 | -0.5251 | 1.[991
3 -9.341 |-0.300 | -0.160 0.139 0.766 z.27h
0.3371 | 0.2841] 0.1201} -0.1701} -0.5721 | 1.20l1
L 0.000 -0.488 | -0.359 o.J68 h.h3
0.0001 0.3841] 0.2321} -0.1841 | 0.9631
0.486 0. -0,250 -0.688 | -0.11h .06
2 -0.%521 -0,5331 o.1gh1 0.4351] 0.2221 3.8031
é 0.000 0.389. | -0. ~1. 6.046
0.0001 -0.3521 0.2321 0.933; 0.6%81
— _6._-\1 _-.,.'__ .-.II -~ n.-.g-t - .nnﬂ n.Gzr
! o.???i 3.5{ -3.§%¥1 -3.3621 E.ﬁéfi 6.56%1
8 0.000 ¢.101 0.772 | -1.120 8.014
0.0001 -0.0631 | -0.366% 0.31441 | o.497L
9 0.651 | -0.140 | -0.623 0.774 | -0.596 9.008
-0.3%371 | 0.1731] 0.3021] -0.353:] 0.0881 | O.4fj23
ks = 6.0
n eoss o 0.2 o.hL 0.6 0.8 1.0
]
1 0.082 0.086 0.1 0.1 0.38 2.
~0.1891 ] -0.1871 -qlmuoi -O.ZKgi -0.23Z1 2.%%%1
2 -0.000 0.126 0.242 0.511 2.862
0.000% -0.2171} -0.3331 { -0.4971 | 1.9891
3 -0.240 | -0.21 -0.12 0.08 0.579 3.502
0.3001] o0.25 0.11B1} -0.1461 | -0.5691 | 1.6721
0.000 —o. -002 0. 1 .2
b 0.000 0.22%1 q.ag%i -0.8 1 %.3321
5 0.371 0.210 | -0.188 | ~0.5356 | -0.119 5.1,8
. -0.%3321 | -0.1854 ] 0.1691] 0.}351 | 0.3391 | 1.1901
6 0.000 ) 0.308 | -0./38 -0.92 6.0
0.0001 -0.2361 o.%ozi o.ﬁhgi 0.9321
-0.46 -0.2 0.511 0.1 -1.00 046
7 o.%sgi 0.0561 -o.gehi -0.0?%1 o.hsgi 3.8%91
8 0.000 0.0 0. -0. 8.0
0.000 -0.068% -o,ﬁ%31 o.%?ZE o.7§%1
9 0.521 -0.109 | -0.517 0.649 | -0.512 | 9.0az2
-0.3671 ] 0.2252] o0.%331} -0.4,001 | 0.0571 | 0.6591
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TABLE VIIT : FACA TN No. 1195

UNIFORM TRANSLATION OF RECTANGULAR WING OF AR = 3

—(a) -—
T T
- ¢ “ 2p0%oE foo 250 bt [o

0.167 0.757-0.1881 |-0.105+0.1291 | 0.055+0,29741| -0.013+0.3421
0.167 0.757-0.,1881 |-0.137+0.1251 | 0.055+0.3971] -0,011+0.%251
0.167 0.757-0.1881 }-0.285+0.2151 | 0.055+0.3971 -o.ooé+o.2h§1
0.167 0.757-0.1881 [-0.750+0.1051 | 0.055+0.3971] -0.0002+0.00l1
0.333% 0.650-0.1751 }-0.043+0.0781 | 0.008+0.6811| -0.073+0.6361
0.3%3 0.650-0,1751 | -0.069+0.0831 | 0.008+0.6811| -0.0795+0.6081
0.333 0.650-0.1751 |-0.196+0.0831. | 0.008+0.6811 | -0.079+0.4751
0.33% 0.650-0,1751 |-0.622+0.0101 | 0.00B+0.6811} -0.00%+0.0291
0.667 0.569-0.1304 |[~0.018+0.0304 }-0.426+1.1914 -o.h89+1.1521
0.667 0.569-0.1301 |-~0.036+0,0331 | ~0.426+1.191% | -0.495+1.11581
0.667 0.569-0.1501 |-0.127+0.0091 | -0.;26+1,.1911 —0.hﬁﬁ*0.9271
0.667 0.569-0.130% |-0.459-0.1831 | -0.426+1.1911} -0,04240.2%01

0.167' 0.757-0.1881 }-0.0204+0.0591 | 0.05%+0.3971| 0.024+0,3841
0.167 0.757-0.1884 -o.o%o+o.o 01 | 0.055+0.3971]| 0.018+0.3751
0.167 0.757-0.1881 |-0.1 9+o.13h1 0.055+0.3971| 0.003+0.3
0.167 0.757-0.1881 }-0.750+0.1051 } 0.055+0.3971 | -0.0002+0.0
0.333 0.650-0.1751L } 0.001+0.0271 | 0.008+0.6811 | -0.020+0.6811
0.333 0.650-0.1751 [-0.0134+0.0391 | 0.008+0.6811 -0.022+o.6621
0.333% 0.650-0.175% [-0.100+0.0651 { 0.008+0.6811 | -0.060+0.5761
0.333 0.650-0.1751 |-0.622+0.0101 0.008+0.6811 | ~0.002+0.0291
0.66 0.569-0,1301 | 0.000+0.007% [-0.426+1.1911] ~0.h11+1.1954
o.66$ 0.263-0.1301 -0.006+0.01Ei -o.h§6+1.1g11 -o.ﬁh%+1.1 81
0.667 0.569-0.1301 |~0.058+0.0171 {-0.426+1.1911 | -0.,61+1.0711
0.667 0.565-0.1301 |-0.459-0.183% §-0.426+1.1921} ~-0.042+0.2%30%
UNIFORM PTTCHING OF EECTARGULAR WING OF AR = 3 (a=0)
—(2) ) -
x c oy L - L -
2pUzb°a. Qp'tlabou.
1 -0.%1 3,142 2.158
BTN B B
0 ~\Je . -
g 1.0 1 -1 3. 142 0
. 0. -0.1881 [-0.105+0.1291 [2.427-0.1301 }[2.063+0,2,81
8.&2; o] % o.$§$-0.1381 -0.1 %+o.1251_ 2.427-0.1304 [1.963+0.2271
0.167| © 0.757-0.1881 |-0.285+0.1151 }2.427~-0.1301 }1.501+0.1571
0.167| 1.0 } 0.757-0.188% |-0.750+0.1051 |2.427-0.1301 |0.04L4+0.0031
. 0.650-0.1751 |-0. 0.0781 }2.133+0.3151 [1.957+0.536%
ST on el eee sl |EAERAS Ll
0:333| 110 0:820-0:1721 |70:¢2240-0101 | 2.133+0.5181 |o.175+0.6231
. o l0.569-0.1301 |-0.018+0.0304 }1.924+1.2341 [1.837+1.3101
g.gg; o.% 0.263-0.1201 -o.o36+o.o§31 1.92h+1.2341 1.735+1.5011
0.667) 0.8 0.569-0.1301 }~0.127+0.0091 | 1.92h4+1.2341 1.217+1.12 i
0.667] 1.0 | 0.565-0.1301 [-0.459-0.183¢ |1.924+1.2341 [0.67340.1781
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HACA TN No. 1195 TABLE VIII (continued) 77
UNIFORM PITTCHING OF RECTANGULAR WING OF AR = 6§ (a = 0)

0 1 =0.1 AhZ Z.
O O'. 1 had V' 1 - -
0 1.0 1 -1 3.1h2 0
0.16 0.757-0.1881 [-0.025+0.0591 | 2.427-0.1301 | 2.534+0.0031
o.16$ o.% o.%g;-o.lggi -g.oh%:g.gggi g.ﬁig-g.i;gi i.ggg:g.gggi
o.167| o.8| 0.757-0.1881 | -0.1 . J27-0. . .
0.16; 1.0 o.$§;-o.1asi -o.7go+0.1051 2.427-0.1301 | 0.045+0.0031
o. o | 0.650-0.1751 | 0.001+0,0271 | 2.133+0.3151 | 2.121+0.4,011
o.%%% 0. 0.620-0.1;21 -0.015+o.o331 2.133+0.3151 | 2.073+0.4301
0.333| 0.8} 0.650-0.1751 }|-0.100+0.0651 | 2.135+0.515% | 1.7 5+0.4,681
0.33%] 1.0 0.650-0.1751 |} -0.622+0.10 2.133+0.35151 | 0.173+0,.022%
. o | 0.569-0.1301 { 0.000+0.0071 | 1.92L+L.234L1 | 1,918+1.2581
SiEfl ony| Sdadte | EEREL) DEULON | Dl
0. 0.8] 0.569-0.1301 | 0.0 . - . . .
0.66; 1.0 0.263-0.1201 -o.hgg-o.laai 1,92h+1,.23011 0‘275+°'177hﬁ
- LINEAR SYMMETRICAL TORSION OF HECTANGULAR WING OF AR = 3 (a = 0)
bos < 200%boa 200%boc
0 o] 1l oo 0 0.45
Q o.g 1 -0.352 . 1.257 0. 1%
o] 0. 1 -0.596 2.513% 1.01
0 1.0 1l -1 3.1L2 0
0.167 | 0 }0.757-0.18681 o0 -col o o.hoe-o.ozbi
0.167 {o.L4 |0.767-0.1881 | -0.14}1+0.1201 |0.971-0.052% [0.777+0.0831
0,167 |0. 0.757-0.1881 | -0.563+0.14411 1.&%2-0.10h1 1.001+0.1741
0.267 (1.0 |0.757-0.1881 | -0,750+0.1051 [2.427-0.1301 |Oo.04}+0.0031
. o ]0.650-0.1751 ~ ool 0 0.3L40+0.0051
o.?%% 0. 0.620-0.1;21 -0.30635.0821 0.353+0.1261 o.$h1+o.2151
0.3%33 |0. 0.650-0.1751 | -0.262+0.0981 |1.707+0.252%t [1.007+0.3881
0.233 |1.0 | 0.650-0.1751 | -0.622+0.010% [2.1353+0.3151 [0.173+0.0221
j0.667 | 0 |0.569-0.1301 00 - ool o 0.235+0.0861
0.667 o.% 0.569-0.1301 | -0.0L41;+0.0361 o.77o+o.hgh1 0.699+0.5211
0.667 |0.8 | 0.569-0.1301 | -0.173+0.0121 |1.539+0.9871 |1.095+0. 7%1
0.667 {1.0 §0.569-0.130% | -0.459-0.1831 ]1.92L+1.2341 ]|0.673+0.178%
LINEAR SYMMETRICAL TORSION OF RECTANGULAR WING OF AR = 6 (a = 0)
0 o 1 [ i i) o.haa
0 o. 1 -0.2087 1.257 0.99
o 0. 1 -0.4290 2.515% L35
0 1.0 1 -1 3.1
0.167 | 0 ]0.757-0.1881 co-col 0 " jo.292-0.1021
0.167 " o.% 0.757-0.1881 —o.oh9+o.0631 0.971-0.9521 }0.902+0.0301
0.167 |0.8 |0.757-0.1881 | -0.215+0.1281 |1.942-0.1041 }2.373+0.1731
0.167 {1.0 }0.757-0.1881 | -0.750+0.105% {2.427-0.1301 }[0.0L45+0.0031
0. 0.650-0.1751 ~col o 0.230-0.0821
o.??? 0.% 0.620-0.1;21 -o.5§5:3.0h01 0.853+0.1261 O.}gh*0.169i
0.333 }o0. 0.650-0.1751 | -0.137+0.0931 |1.707+0.2521 }1.325+0.4291
0.%33 |1.0 |0.650-0.1751 |-0.622+0.0101 ;2.133%3+0.3151 [0.173+0.0221
0.667 | 0 }0.569-0.1301 co+aci o] 0.1 8-0.0051
0.667 0.% 0.569-0,13%301 [-0.012+0.015% o.770+0.hgh1 0.841+0.5181
0.667 |0.8 | 0.569-0.130% |-0.079+0.0311 |1.539+0.9871 1.201+o.9851
0.667 |1.0 | 0.565-0.1301 |-0.459-0.1B31 |1.92L+1.2341 {0.673+0.1771
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TABLE VIII (ocontinued)

NACA TN No.

1186

LINEAR SYMMETRICAL BENDING FOR RECTANGULAR WIRG OF AR = 3

. . (=) T
'h 3000l /bg 2oUbh /by
0.167 0.757-0.1881 00 —cnl 0 0.009+0,0671
0.167 0.757-0.1884 |-0.14)+0,1201 | 0.022+0.1591 }-0,00%4+0,1281
0.167 0.757-0.1881 |-0.363+0.1411| 0,044+0.3171 -0.015+o.16£1
0.167 0.757-0.1881 |-0.750+0.1051| 0.055+0,3971 | -0.0002+0.0d;1
0.3%%3% 0.650-0.1751 o0 - 0} o] 0.017+0.1106]
0.33% 0.650-0.1751 {-0.076+0.0821 | 0.003+0.2721 |-0.031+0.2381
0.333 0.650-0.1751 }-0.262+0.0981} 0.007+0. ~0.075+0.3251
0.333 0.650-0.1751 |-0.622+0.0101} 0.008+0156811 | -0.003+0.0291
0.66 0.569-0.1301 ~ag 1 0 -0.005+0, 1581
0.66; 0.263-0.1201 -o.oﬁ+o.o361 <0.170+0.4771 -o.2a5L+o. (o33
0.667 0.569-0.1301 |-0.17340.0124]-0,341+0.9 ~0.3631+0.
0.667 0.569-0.1301 [-0.559-0.1831] -0 26+1.192% | «0.031+0.2301
LINBAR SYMMETRICAL BENDING FOR RECTANGULAR WING OF AR = 6
0.167 0.757-0.188% o0 -1 7} o.oano.ol..gi
0.167 0.757-0.1881 |-0.049+0.0691] 0.022+0.1591 ] 0.007+0.1481
0.167 0.757-0.1881 {-0.215+0.1281| 0.04L4+0.31T71{~0.0104+0.2271
0.167 0.757-0.1881 {-0.750+0.105L| 0.055+0.3971 |-0.0002+0.0041
0.33%3 0.650-0.1751 o0 -woi o] 0.039+0.0701
0.3%% 0.650-0.1751 {-0.033+0.0401] 0.003+0.2721|-0.01%+0.2591
0.33% 0.650-0.1751 [-0.137+0.0931| 0.00 +o.21§!+1 ~0.07140.4301
0.33%3 0.650-0.1751 |-0.622+0.0101} 0.008+0.56811]-0.002+0.0291
0.667 0.569-0.1301 oo - ool ) o.ogz+o.0821
0.667 0.569~0.1301 {-0.012+0.0151}-0.170+0.4771 | -0.183+0.1;671
0.667 0.529-0.1301 -0.079+0.0311} ~0.341+0.9544 | ~0.393+0.8221
0.667 0.569-0.1301 |-0.459-0.1631} -0.426+1.1921{~0.0,2+0.2301
PARABOLIC SYMMETRICAL BENDING FOR RECTANGULAR WING OF AR = 3
X ¢ . At MU I
B 260°boh /b 200°boE/bg

0,167 0.757-0.1881 S0 - i o} 0.006+0.0%61
0.167 0.757-0.1881 | 0.035+0.1061 | 0.009+0.0631 | 0.000+0.0661
0.167 0.757-0.1881 | -0.352+0.1431 | 0.035+0.2 -0.0134+0.1231
0.167 0.757-0.1881 | -0.750+0.2054 } 0.055+0.%971 | -0.0002+0.00.
0.3%3 0.650-0.1754 0 - wi o} 0.012+0.0591
0.333% 0.650-0.1751 | 0.079+0.0721 | 0.001+0.1091 | -0.011+0.122%
0.33% 0.650-0.1751 { ~0.287+0.097L | 0.00 w.%géi -0.060+0.2];34
0.33% 0.650-0.175%1 | -0.622+0.0101 | 0.008+0.6B11 | -0.003+0.02931
0.667 0.569-0.1301 0@ -l 0 0.005+0.0811
0.667 0.269-0.1201 0.069+0.0501 |-0.068+0.1911 -o.oegw.ami
0.667 0.569-0.1301 {-0,188+0.0061 |-0.272+0.7631 { -0.280+0.5111
0.667 0.569-0.1%0¢ | -0.459~0.1831 |-0.426+1.1921 | -0,031+0.2301
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HAOA TN No. 1196 TABLE VIII (ocontinusd} 7e
PARABOLIC SYMMETRICAL EENDING ¥OR RECTANGULAR WING OF AR = 6

0.167{ o { 0.757-0.1881 oo -l 0 0.019+0.0231]
0.167 o.% 0.757-0.1881 0.105+0.020% | 0.009+0.0631 | 0.007+0.0724
0.167] 0.8] 0.757-0.1881 | -0.239+0.13%1 0.035+o.2gﬁi ~0.0104+0.17
0.167} 1.0} 0.757-0.1881 | -0.750+0.1051 | ©0,055+0.3971 | ~0.0002+0.00L.4
0.333] O | 0.650~0.1751 | *+ @ -col 0.023+0.0331
0.333 § 0.4 | 0.650-0.1754 | 0.091-0,0051 | O. 001+o 102 0.002+0. 12ﬁ1
0.333 1 0.8} 0.650-0.1751 | -0.15340.0951 | 0.00540.4361 | -0.059+0.3331
0.33311.0} 0 650-0.1751 -0.622+0.0101 | 0.005+0. 511 -0,0002+0.0291
0.667] O | 0.569~0.1304 +c01. o 0.020+0.0361
0.667 o.%. 0.263-0 1%01 o°3 +0.,0011 |-0.068+0.1911 | -0,068+0. 2;01
0.667 { 0. 0.569-0.130% |-0.086+0.0271 |-0. 272+o 7631 | -0.309+0.6,48L
0.66711.0} 0.569-0.1301 |-0.459-0.1831 |-0.426+1.1921 | -0.0L42+0.230%
LINEAR ARTISYMMETRICAL TORSION OF RECTANGULAR WING AR = 3
bos : 200% 3 200%,3
1 o 0. 1l =0.490 1.2 0.
0 o.g 1 -a %%3 %.glg g.§u§
0 Q. 1 L L]
o 1.0 1 2 5.142 0
0.167] o.l4 |0.757-0.1881 | -0.253+0.16 1 0.971-0.0521 0.636+0.1291
o.%sg o.% 0.323-0.1381 -0.233+0 1 1 Eg-o.ogsi o.827+o.1831
0.167{ 0.8 l0.757-0.1881 | -0.342+0. 1591 Ez ~0,1041 1.045+0.22h4i1
0.167} 1.0 {0.757-0.188% | -0.750+0,.1051 7-0.1301 0.04f1+0.0031
0. 0. 0.650-0.1751 | ~0. +0.1301 +0,1261 0.639+0.2591
o.;g; o.% 0. 6?0-0.1;21 -0.1 g+o.1281 33+0 1891 0.8 5+o.zz
0.333| 0.8 }0.650-0.175% | -0.233+0.1221 1 707+0.2521 1.069+0.[ 611
0.3%3} 1.0 [0.650~0.1751 | -0.622+0.0101| 2.133+0.3151 0.17%+0.0221
0.6671 0. 0.569~0.1301 { -0.072+0.0611] 0.770+0.4941 0.6h5+o 37L
0.66; o.% 0. 368-0.1301 -0.138+0 1.155+0. 7011 0.9 ?2%1
0.667| 0.8 |0.569-0.1301 | ~0.146+0.0401] 1.53%9+0.9 Ei 1.13 +0 9
0.667} 1.0 {0.569-0.1%03 | -0.459-0.2831] 1.92+1.23 0.675+o 1781
RTGID ROLLIRG OF RECTANGULAR WING OF AR = 3
0.167 o.% 0.757-0.1881 | -0.253+0.1651f 0.022+0.1591 | -0,01%+0.1061%
0.167{ 0. 0.757~-0.1881 | -0.289+0.1621} 0.033+0.2381 | -0.018+0.1L71
0.167) 0.8 {0.757-0.1881 | -0.342+0.1591] 0.0[[+0.3171 | -0.023+0.17L1
0.167} 1.0 [0.757-0.1881 | -0.750+0.1051] 0.055+0.3971 | ~0.00@2+0 .00l11
0.333 o.% 0.650~-0.175% | -0.1L49+40.1301] 0.003+0.2721 | ~0.0512+0.2101
0.35%] 0.6 | 0.650-0.1751 | ~0.18%+0.1281f 0.005+0.,;,081 | -0.076+0.2931
0.33%3| 0.8 | 0.650~0.175% | ~0.233+0.1221} 0.007+0, -0.094+0.3511
0.333]| 1.0 | 0,650-0.1754 | -0.622+0.0104] 0.008+0.6811 | -0.003+0.0291
0.667 0.2 0.569-0.1304 { -0.078+0.061% -o.17o+o L7714 -o 222+0.4111
0.667] 0.6 ] 0.569-0.1301 -0.108+40.0 Li] -0.255 g 1 g 731
0.6671 0.8 10.569-0,1301 | -0,146+0. ogoi -0. +o. 5& -o 0 +o. 1
0.667| 1,0} 0.569-0.1301 -o.h59-o.1 33| -0.[;126+1.1921 | -0.042+0. 2501
1.333 o.% 0.526~0.0811 | -0,034-0.0011 81+o 8811 +0 ., Bahi
1.3531 O. 0.526-0,0811 | -0.042-0.0154 1+1 3221 g +1. 21
1.333! 0.8 0.526-0.0811 ] -0,05%3-0.032% 1+1 7631
1.35%} 1.0} 0.526-0.0811§ -0.090+0.4111 52+2 2031 -o 71 +1.
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TABLE VIII (continued)

RACA TH No.

1195

L]JEARB!ME‘E&OALTOBSIONGFEIL]I!EECALHMOF AR = 3 (a = 0)

w
.

W

(=)

3

) p p—
bos 2pU% o 20U% .
o 0 1 0 0 0.391
0 0. 1 -0.419 1.152 0.669
0 o.% 1 -0.535 1.508 0.702
. - 1 -ool o] 0.349-0.0121
g:féﬁ o?% 3.?%2-3.1331 -0. iE;+3°11h1 0.865-0.0251 0.2g3+o.0881
0.127 .8 Pp.799-0.1811 | -O. 3u7+o 1411 j1.222-0.1021 5+0.078%
o.42ly | o Jjo.618-0.162% .0 0.294+0.0371
0.%388 l0.I 10.629-0.1671i | 0.029+0.054i |0.762+0.1721 {0.630+0.2301
o.gsh o.g o.69?-o.18§1 -0. 273&0 121 |1.077+0.0L61 |oO. +0.1831
o.auz 0 lo.551-0.113% co-col o} 0.175+0.1141
0. 0. 0.556-0.1191 | -0.060-0.0111 |0.694+0.5591 |0.630+0.5201
o.;ZB 0. 0.236-0.1531 -0.177+0.0661 }0.956+0.3861 |0,66L4+0.4181
LINEAR SYMMETRICAL TORSION OF ELLIPTICAL WING OF AR = 6 (a = 0)
0 0 1 + o0 0 gh
0. 1 -0.2 1,152 9
8 0. 1 -0.37 1.508 o 9hl
. . -0.1881 1 0.294-0.0711
g.iéﬁ o? 8.3;2-0.1891 -0 3%033 o761 | 0.86 o 0231 |oO. 6u+o 0561
-10.127 0. 0.795-0.1B1i} -0.,209+0.12441 | 1.222~0.1021 |0.895+0.0651
o. 0.618-0.1621 o 0.212-0.0hk41
.388 |(o0.y |0.629-0.167i}] -0.0 6+o ohai 0.762+0.1721 {0.700+0.2135%
g.asu o] 0.692-0.18§ -0. 1t5+o 1121 1 077+0.0L61 557+o 1871
3.3% 0? 0.226-0 1131 -0, 026:3 ool | 0.69 +o 5591 | 0.680+0. 431
10.508 |0.8 ]0.596-0.1501] -0.088+0.0641 | 0.956+0. 3361 | 0.800+0.0411
LINEAR SYMMETRICAL BRENDING OF ELLIPTICAL WING AR =
y L . L
bos 260%bob /b, 20U boh /by
c.222} o J]0.719-0.1881 1 o] 0.006+0.07h41
0.194 o.% 0.733-0.1891 1 -0. 180+0. 1191 | 0.022+0.1791 | ~0.007+0.1
0.1271 o. 0.799-0.1811 | -0.347+0.1391 | 0.038+0.2551 | ~0. oo7+o 1331
O-MZ% 0 |0.613-0.1621 - 1 o 0.016+0.0701
0.3881 o. 0.629- 0.1671 -0.115+0.0751 | -0.013+0.3073% | ~-0.050+0.2511
0.254 ] 0.8 [0.691-0.1851 | -0.277+0.1161 | 0.037+0. 1} -0.03740. 22&
o.BuZ o (0.551~0.1131 - 1 -0.039+0.1651
0.776] O. 0.556~0.1191 | -0.057+0.001% | -0,263+ ~0.279+40. hs
0.508] 0.8 [0.596<0.1501 | -0.177+0.0631 -o.1sﬁ+o T 21 -0.214+0. 53
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NACA TN No. 1185 TABLE VIII (continued) 81

LINEAR SYMMETRICAL BENDING OF ELLTPTICAL WING OF AR = &

0.212] 0 ]0.719-0.1881 - 1 o] 0.021+0.0611
0.194 o.% 0.733-0.1891 } -0.078+0.0801 | 0.022+0.1791 0.003+0.1601
0.127} 0.8 j0.795-0,1811} -0.211+0,1231 | 0.038+0.2551 | ~0.002+0.1881
0. 0 }0.618-0.1621 - 1 (o] 0.034+0.0851]
0.38 o.% 0.629-0.1671 | -0.0h2+0.0411 | -0.012+0.3071 | -0.03,+0.2871
0.25,f 0.8 {0.691-0.1851 { -0,146+0.1104 | 0.037+0.fL421 | -0.034+0.3,91
0.8 0 |9.551-0.1131 - 1 o 0.011+0.0961
0.77 o.% 0.556-0.1191 | -0.021+0.0021 | -0.263+0,5431 -0.266+o.22u1
0.508f 0. 0.596-0,1501 | -0.087+0.0631 | -0.13[+0.7621 } -0.216+0.56521

PARABOLIC SYMMETRICAL RENDING OF ELLIPTICAL WING OF AR = 3

- ¥ ¥ c L(2) T
—_— o — ——
bos 200%boh/bo 2p0%boh b
0.212 { 0 }0.718-0.1881 o0 =l 4] 0.005+0.0394%
0.194 o.% 0.7%33-0.1891 | -0.030+0.1054 | 0.009+0.0711i |-0.001+0.0691
0.127 {0.8 } 0.799-0.1811 | -0.372+0.1441 | 0.030+0.2041 }-0.007+0.1091}
’ 0. o }0.618-0.1621 o-wl o 0.00%+0.0651
0.38 0.3 0.629-0.167+ | 0.029+0.0541 | -0.005+0.123% |-0.016+0.1281
. 0.25l |o. 0.691-0.1854 |-0.274+0.12l41 | 0.029+0.353% |-0.034+0.2131
o.ahz 0 }0.551-0.1131 00 - ol c -0.010+0.0851
0.77 o.% 0.556-~0.1191 | 0.0%9+0.0121 | -0.105+0.2171 -o.116+o.2531
0.508 {0.8 { 0.596-0.1501 |-0.187+0.0611 | -0,107+0,6101 {-0.169+0.4181

PARABOLIC SYMMETRICAL EENDING OF ELLIPTICAL WING OF AR = 6

O'Zlﬁ 0 0'719-0'1381 gﬁ -5‘5%81 0 00900 0721 8’8%%:3'3321
001 0. 0- -0.1 i 0. + S Py + Y - .
0.127 0. o.$33-0.1821 -0.228+0.1281 | 0.030+0.2041 | -0.003+0.1461
o.hz% o |0.618-0.1621 |7 ©0 ~woti 0 0.021+0,0391
0.38 o.% 0.629-0.1671 | 0.049+0.0031 | ~0.005+0.1231 | -0.006+0.1331
o.254 | o. 0.691-0.1851 }| -0.157+0.113% 0.029+0.3531 | -0.028+0.2731
0.8y 0 |0.551-0.1131 o0 —e01 (o] 0.012+0.0421
. 0.776 | O. 0.556-0.1191 | 0.0%38-0.0131 } -0.105+0.2171 }{ -0.101+0.2321
0.508 ] 0. 0.596-0.1504 { -0.087+0.0551 } -0.107+0.6101 | ~-0.145+0.5211
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- TABLE VIII (ocontinued)

NACA TK ¥o. 1195
LINEAR ANTISYMMETRICAL TORSION OF ELLIPTICAL WING OF AR = 3
(=) L
o c = —_—
J 260%b,, 3 2001,
k, =0
o} 0.8 1 -0.571 508 0.647
k, = 0.212
4] % 0.753-0.1891 | -0.289+0.152%1 | 0.865-0.0231% 0.2 5+0. 1191
o] 0.75-0.1881 | -0.30 +o.1221 1.,162-0.0591 | O. 3+o 1361
0.8 {0.799-0.1811 | -0.305+0.1 1.222-0.1014 | o.7h7+0.11hL1
k, = 0.h2) '
o.% o.62 9-0 1671 -0.183+0.0961 | O0,762+0.1721 23o+o
0 0.647- % -0.197+0.1141 | 1.021+0.1591 5+0.2 01
0.8 ]0.691~ o 1451 -0.200+0.1501 | 1.077+0.00461% 0 LTL47+0.23351
kg = 0.847
0 % 0.5 -0.1 -0.099+0,0041 o 70 +o 5 0.587+0.5174
o 0.569-0.1304 | -0.114+0,.0301 Zi 0.738+0.5931
0.8 | 0.565-0.1501 | ~0.121+0.0931 o 957+o .3861 | 0.738+0.0801

RIGID ROLLING OF ELLIPTICAL WING OF AR = 3

k, = 0.212

o.4 } 0.753-0.1891 | -0.289+0.1 61 o 022+o.1 1 }-0,016+0. 1081

0 % o.%%ﬁ-o.leai -0. oﬁ 5 g+o.azg -0.018+0.1

0.8|0.799-0.1811} -0. 3ou+o 1 21 o 05 +0.2551 |-0.014+0.15 1
X, 0.42h :

0. 0.629-0.16714 | -0.182+0.10 1 -0.013+0.307 -0.064+0.218

o.% o.6h3-o.1gﬁ1 ~0.196+0.11 0. oo§+o al -0, o$h+o aaei

0.8 | 0.691-0.1851 | ~0.200+0. 1&81 0.037+0. 1y -0,0584+0,.3131
k, 0.8h7

o.% 0.562~0.1241 | -0.098+0.0161 |-0. 228+o «0.274+0. ug

0 0.562-0.1501 -0.113+0.0371 |-0.268+0. 7271 -0. 313 gi

0.8 { 0.596~0,1501 | -0.120+0.089% [-0.13L4+0.7621 |-0.248+0.60
K, 1.695

o.% 0.520-0,0721 | -0.005-0.0371 |~1.376+1.0151 -1.&0 +1.0061

0 0.525-0.0801 | -0.030-0. 0321 «1.527+1.54351 |-1.438+1.2654

0.8 ] 0.535-0.0991 | -0.056+0.02861 }-1.046+1.37T7L |-1.113+1.2335)
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MACA TN No. 1195 TABLE VIII (oontinued)

UNIFORM PITCHING OF ELLIPTICAL WING OF AR = 3

. =(=) -
T e L L
e it 200%5,3 20U,
o] o] 1 -0.4,00 . 1.88
0 o.% 1 -o.ﬁoo Z.%%g .725
(o] 0. 1 -0..00 1.727 1.03
¢.212 0.719-0.1881 -o.1%g+o.1181 2,322+0.0Q61 | 1.816+0.%271
0.194 0.7%3-0,1891 |-0.162+0.1221 2.161~0,0591 | 1.659+0.248%
0.127 0.799-0.1811 |-0.227+0.1311 |1.527-0.1261 | 1.08L+0.0931
o.hz% 0.618-0.1621 [-0. 038+o 0631 | 2.0l +c. 691 | 1.760+0.7161
0.38 0.629-0,1671 }|-0,083+0,.0811 | 1.90L+0.43041 .620+0.6181
0.254 0.691-0. 18; -0.151+0.1185 |1. 3hq+o o571 | 1.03Lh+0.2LL3
o] Shz 0.551-0.1131 [~0.037+0.0011 [1.880+1.7108 | 1.761+1.6631
0. 0. 552 -0.1191 (-0.049+0.0131 {1.735+1.397L | 1. gz9+1 .3801
0.508 .596-0.1501 {-0.101+0.0791 }1.195+0.[8%1 T+0.58351
1.695 .518-0.0671 | 0.005-0.0181 | 1.861+%.829% 225+5 .7871
1.55% 0.520-0.0721 |~0.006-0.0221 |1.657+%.1891 87+3.11%52
1.017 0.5%9-0.0991 [-0.081+0.020% 1 110+41.28 1 o 939+1,2L,74
UNIFORM TRANSLATION OF ELLIPTICAL WING AR = 3
0.719-0.1881 }-0.148+0,1211 | 0.055+0.4781 |~-0.026+0.3801
0.733-0.189% |-0.162+0.1241 | 0.056+0.4}471 | -0.020+0.3,82
0.799-0.1811 |-0.228+0.125% | 0.0047+0.3191 | -0.00%+0.2281
0.618-0.1621 |-0. 032+o .0704 -0.06 +0.8231 | ~0,160+0.7211
0.629-0.1671 |-0.082+0.0%61 |-0.033+0.7671 | -0.138+0.6671
0.691-0.1851 |-0.154+0.1071 oﬁ +0.5521 | -0.0L0+0. 4291
0.551-0.113%1 |-0.036+0.008% }oO. 828+1 L1661 | -0. ehg+1 3691
0.552-0.1191 -0.047+0.0171 }-0.6 27+1 .3581 | -0.698+1.
0.596-0.1501 |-0.10%+0.0651 }-0.167+0.9521 | -0. 271+o 7 71
0.518-0.0671 | 0.00%-0.0221 }- +2.7571 | -1.08B+2. 7721
0.520-0.0721 |-0.004-0.0161 -3. 2.5371 | -3.357+2.
0.539-0.0991 |{-0.075+0.0081 }-1.308+1.7211 | =1.333+1.
LIREAR ANTISYMMETRICAL TORSION OF AN ELLIPTICAL WING OF AR = 3
FOR HIGHER VALUES OF Kk,
k= 1.695
0 0.520-0.0721 | -0.001-0.0491 o 66 +1, 27 06+1.2201
-0 % o.gzs-o.o 04 |-0.030-0.0451 §+1 h5 326+1 zho1
0.8 |0.539-0.0994 |-0.075+0.0161 +1 0301 3+0.9981
T ko= 2.542
0 0.511-0,0521 | 0.0%39-0.0001 +1.9671 { 0.693+2,0201
o.% 0.215-0.0271 0.0;?-0.0511_ 28+2 23£1 0.95h+2.2341
0.8 {0.521-0.0731 }0.057-0.0301 o 869+1 6391 |- 0.847+1.5521
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84 TABLE VIII (comtinued) NACA TM ¥o. 1195
UNIFORM SPARWISE ATLERON DEFLEOTION OF A FULL-EPAN ATLERON
OF ELLIPTICAL WING OF AR = 3 (e = 0, 7 = 0.2 b/by)
b4 ™ T
x S c gg —_—
boe . 207D B 20U"b B
o] 0 1 -0.400 2.589 1.652
o 0. 1 -0.J400 2.573 1.514
0 o.% 1 -0.400 1.553 0:391
o2l | o J0.618-0.1621 |-0.080+0.0621 | 1.664+0.3791 | 1.411+0.4811
0. o.h 10.629-0.1671 |-0.090+0.0 1.554+0.2821 | 1.294+0.4001
- o.%?ﬁ o.% o.692-o.18§1 -o.1go+o.1zgi 1.12%+o.0201 0.832+o.1671
o8 |00, [9:3250: 112 -0 Quan:00st | 1A S | 1iishinn
0:508 0.3 {0.596-0.1501 {-0.098+0.083% o.95é+0.3291 0.761+0.L061
UNIFORM SPANWIEE ATLERON DEFLECTIQN OF A FULL-SPAN ATLERON
OF ELLIPTICAL WING OF AR = 3 (o =0, 1 = 0.2 b/b)
¥ c up(®) (e) Mg (o)
£ | bee °p 200°b, B 200%bo 8
1l -0.100 0.187 0.124
8 o?% 1 -o.ﬂbo 0.1597 0.104
0 0. 1 -0.400 0.067 0.045
o2k t o |0.618-0.1621 | -0.080+0.0621 | 0.097+0.1911 0.081+0.1974
. 0.4 | 0.629-0.1671 | -0.090+0.0741 | 0.087+0.1551 0.073+0.1611
8.2?3 o.% 0.692-0.1831 -o.1go+o.1211 0.047+0.0371 0.037+0.0421
0.8k o {0.551-0.1131 | -0.041+0.0011 }-0.023+0.4081 -0,029+0.1061
. o.l: | 0.556-0.1191 | ~0.050+0.009% | 0.003+0,3121 | -0.005+0.510%
3.;38 o.% 0.336-0.1531 ~0.0 8+o.08§1 0.023+0.0844 0.02?+o.0871
UNIFORM ATLERON HINGE DEFLECTION OF A HALF-SPAN AILERON OF AN ELLIPTICAL WING
b NATIONAL ADVISORY
oF =6 (o = 3, 1=0.1:-) COMMITTEE FOR AERONAUTICS
(=]
e | X o . £ L
" bos B _200%b _2p0°b B
0 ) 1 b 0 0.080
o o.lg. 1 hey 0 0.232 )
o] 0. 1 -0.494 1.554 0.786 ™
o] 0.8 1 -0.360 1.1 0.738
0 0.9 1 -0.239 - 0.7 0.566
0.212f o }0.719-0,1881 oo ~col 0 0.036-0.0564%
0.194 o.lz 0.73%3-0.1891 i 0 0.173-0.1 11
0.170] O. 0.753-0.18 1 -o.zag+o.1261 1.187-0.1821 ] 0.752-0.010%
0.127] 0.8 o.gz9so.1811 -0.188+0.1301 0.250-0.1h81 0.707-0.007L
0.092]| 0.9} 0.8043-0.1681 | -0.116+0.0911 } 0.629-0.1021 | 0,541 -0.0361
o.h24l o ] 0.618-0.1621 o - =l 0 0.006-0.05T71
0.389 0.% 0.629-0.1671 e ~ w0l 0 0.108-0.0261
0.%339] 0. o.6h§-o.1gu1 -0,187+0.087:] 1.032-0.0704 0.226+o.0511
0.23 0.8] 0.691-0.1 gi -0.107+0,1271 | 0.81%-0.1001 | 0.677+0.0361
0.185{ o.9}] o.7h1-0.1882| -0.0L);+0.1481| 0.557-0.0991 | 0.5194+0.010%




NACA TN No. 1185 PABLE VIII (continued) 85

TNIFORM ATLERON HINGE IELFECTION OF A HALF-SPAN AJLERON OF AN ELLIPTICAL WING

1 b
OF AR =6 (} = o 1-0;Lb°)
. . (2) 77
e | Z c o Xy (o) % o)
s 250%p B 20U b, "B
k =0
0 0.6 1 -0.494 0.030 0.023%
o 0.8 1 ~-0.%60 0.015 0.013
o] 0.9 1 ~0.239 0.003 0.003
k =0.212
0.170}f 0.6 o 754-0.1881}] -0.273+0.1262 | 0.026+0.0051 | 0.022+0.0071
0.127¢{ 0.8 95-0. 1811 -0,.188+0,1301 { 0.014+0.0021 | 0.012+0.0031
0.092} 0.9 gﬁ -0.1681| -0.116+0,0911 | 0.003+0.0001 | 0.003+0.0011
k= 0.42L
239} 0.6 | 0.6,48-0. 13&1 -0.187+0.0871} 0.024+0.0131{ 0,021+0.0
0.23 0.8 o.6zi-o o1 -0.107+0. 51 0.013+0.0051 | 0.012+0.0061
185} 0.9 1 0.71-0.1881 | -0.044+0.1481} 0,.00%5+0.0011 { 0.003+0.0011

ROLLING-MOMENT COEFFICTERTS C._B FOR A REECTANGULAR WIKG OF AR = 3

Dus to rigid roliing Dus to linear antisymmetrical
torsion

X Or/E AR 33/5 o(*)/e

0 e] o] 1.047
0.167 }-0.008+0.0621 | 0.018+0.1321 0. 3Eg+o o 81 o 809-0 oLl
0.525 ~-0.03%3+0.1261 | 0.003+0.2271 1+0.1051
0.667 |-0.112+0.2621 -o.1h2+o 3974 2940, +0.0311
1.333 |-0.676+0.6561 |-0,817+0.7344 o. 20+0. 351 o 608+o.9801

ROLLING-MOMENT COEFFICIERTS C-E FOR AN ELLIPTICAL WING OF AR = 3

Dus to rigid rolling Dus to linear antisymmetrioal
torsion

ko 163/1,_5 ) ,,ER(")/“_E ﬂb—R/h; uER(a)/h;

2 £20.058 2'25°u 1,58 8:3%201
0.212 |-0.006+0.0581 o 01 +o .0 0.276+0.0L491 | 0.45
o. -0.026+0. 1;61 2+o 1221 0. Sgg+o 1031 0,h0h+0.0hﬁi
0.6 7 |-0. 111+g ﬁ Ei -o .082+0.2871 3.319+g ﬁ%li g.gﬁg+g iggi
1- -0. ]-J-I"F () -O 13"'0.!;21‘-1 -+ . +
2.532 -1.231+o.7531 -1. 256+o 7641 . 0.3L41+0,7561 } 0.333+0.7681
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TABLE VIII (conoluded) NACA TX No. 1196

LI¥T COEFFICIENTS Cp FOR AN ELLIPTICAL WING OF AR = 3

Due to wniform 'translation: . Due to wniform pitching
K, Or/ g *01.(2)/83; /g =0y, (2) Iz
0 3] 0 . 1.480 2.46
0.212 -0.001+0.29%1 0.048+0.%3891 1.420+0,2121 | 1.867-0.0691
0. -0.103+0.5661 |-0.013+0.6721 . 1-356+O-h861 1.665+0.2971
0.847 -0.25 +1.0361 -o.%a +1.1721 1.%3%7+1.0891 1-h95+1-0231
1.695 |-2.657+2.0801 |-2.665+2,1631 1.585+2.4211 | 1.431+2.4681
. RECTANGULAR WING OF AR = 13.5 WITH INDICATED MODES (k, = 0.097)
Mode Torsion Firet Second
¥/boe bending bending
0 o} o o}
o.% 0.586 0.230 0.683
0. 0.809 0.461 0.58
0.8 ’ 0-951 0.725 -0-06
1.0 1.0 1.0 -1.0

Torsion mode

y/boﬂ c UJ ° E(E) E
_2pUbod __2pU%a]

0.097 | 0 [0.837-0.1704% oR- a0l 0 0-302-0.1h01

0,097 o.% 0.837-0.1701 -o.o%5+o.ou81 1.5635-0.1511 {| 1, 22-0.0701

0.097 |O. 0.837-0.1701 }-0.069+0.0711 2.153—0.2091 1.9 8-o.ohgi

0.097 lo.8 }0.837-0.1701 |~0.109+0.0891 2-22 -0.2451 | 2.190-0.008%

0.057 |1.0 |0.8%7-0.1701 |-0.835+0.1221 | 2.669-0.2581 | 0,013-~0.102%
FIRST BENDING

0.097 | o J]o.837-0.1701 o0 -~ w0t 0 0.009+0.0134

0.097 o.% 0.8%7-0.1701 | 0.056+0.0011 [+0.009+0.0581 | 0.00 +0.0621

0.097 0. 0.837-0.1701 }-0.0L6+0.06 +0.017+0.31171 0.008+0.111%

0.097 {o0.8 {0.8%37-0.1703% {~0.124+0.096% 0.027+0.1841 0.006+0.1571

0.097 |1.0 |0.8%37-0.1701 }-0.835+0.1221 | 0.037+0.2541 |+0.000+0.001%1
SECOND BERDING

71 o Jjo.837-0.1701 - 1 0 .0.011+0.0264

7 o.% 0.837-0.1701 |-0.153+0.1011 0.025+0.1731 | 0.00L+0.1421

T )o. 0.837-0.1701 |-0.176+0.10%31 | 0.022+0.1504 )} 0.00 +0.1181

7 0.8 |0.837-0.1701 }-0.619+0.309% |~0.003-0.0174i | 0.004-0.0051

7 l1.0 |o.837-0.1701 |-0.835+0.1221 |-0.037-0.2544 | 0.000-0.0011

NATIONAL ADVISORY
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TABLE IX.— SPAN CORRECTIONS AT MIDSPAX FOR RIGID ELLIFPTICAL
IN TRANSLATION AND PTTCHING,

(ONE~POINT APPROXIMATION)

VING

/

ko ko Y Op = 0g = 0 C+aga

0 0 l1+0}|., ~0,871 . 0.429
0.424 0.5 01618 ~ 0.1621 "0.196 + 0.0921 0|422 !'-0-0701
0.847 | 1.0 0,661 -~ 0,1134 ~0.,114 + 0.008)] 0,437 - 0,1061
1.696 | 2.0 0.618 - 0,0664 0,018 ~ 0,044} 0,600 -~ 0,1104
3.390 4.0 0.505 - 000361 'l'0.00E + 0.0071 00511 L 0.0291

0 0 i+ 01 -0,600 0.600
0.318 8 0.667 - 0,1774 ~0.176 + 0.116Y 0,481 ~ 0,0813
0,637 | 1.0 [0.573 - 0.1341] ~0,103 + 0.0481] 0,470 ~ 0.0861
102?3 0 0-528 bl 0-084’- -00042 - 0.0181 0.4:98 - 001021
2.546 0 0,608 ~ 0,0481] +0,004 + 0,0174| 0.613 - 0,0311

0 0 l+01 -0,400 0,600
0,818 b 0,719 ~ 0,1884) ~0,164 + 0,1264| 0.5656 - 0.0831
0. 424 0 0.618 - 0,162} 0,079 + 0.Q761| 0,639 - 0,0871
0.847 0 0,661 - 0.113i| -0.043 + 0,018i{ 0,507 - 0.0861
1,696 0 o.b618 -~ 0,0671| ~0,010 - 0,0133| 0,608 - 0,0801
£.542 0 0,600 ~ 0,0471) +0,007 = 0,006 0,516 - 0.0621

0 0 J 1-0 ~0,260 0.760
00106 5 05834 - 0-1751 "'0.108 + 000961 0-716 - 000781
0.81% 0 .]0.719 - 0.1881(-0,062 + 0.0771] 0,689 - 0,1111
0.4R4 0 |[o.,618 ~ 0,1621|~0,021 + 0,0371} 0,607 - 0,)1241
1,273 | 8.0 'o.aea - 0,0841}~0,008 - 0,000 0,680 - 0,0841

NATIONAL ADVISORY
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- NAOA TK No.

TAHLE X.~ IETERMINANT TREMS AS A FUKTION OF k FOR EXAMPIXE I

Teterminant te.
ftwo—din.)
Aero, paxrt of term (‘ = 6a " ba
Term Structural, part of term il dim.} and
(Y arw=a)
x = 0,333
La

A 1.3331[1-0.1950(:—‘).(14_ lgh)] —0.0096 — 0. 77554 1,323 — 0.TI99: — 0,236

B 0.3134 -3.0092 ~ O.TA3TL | -@.7h38 —o.TAT"

P 0.315% 0.127h + 0.19501 0.4428 + 0.19%01

1 0.8789 r 1 -C? ). 2+ ""u’] 0.9075 - 0.81T1 1.7865 — 0.800.7 — 0.87850
Xw0O.k

A 1331 f 1 - 0.1920 ( ‘f;‘- ). (4 uh)-l 0.0350 — 0.62504 1.3681 — 0.6e504 — 0.206@

2 0.313% -©.0h31 — 0,73k —1.T2T7 — O.T3kkt

D 0.313% 0.1163 + 0.15631 0.3317 + 0.19631

z o.msl—;—(})' Q-+ uG)] 0.6363 — 0.63751 1.52%% — 0.637 — 0.976:
k=05

A 1.333% |- 1- o..:tsat;( :‘—')‘ s+ %)1 0,079 ~ 0. 47831 1.125 — 0.¥7631 — 02560

] 0.3154 -1.2k1k — 0.6T651 ~0.9260 — 0.67693

B 0.313% 0.10%1 + 0.13961 0.%20% + 0,21961

3 o.s-mf:.-(:—").(z.q- %) | 0.4aa? ~ 0.48621 1.3016 — 0.%862L ~ 08760
k=0.6

s | ramfs —o.m(:—“). (s !gh)-l 0.1081 - 0.38%91 1.5h12 ~ 0.3891 — 0,256m

E 0,315% -0.8208 - 0.61121 ~0.50%% — 0.61121

D 0.3154 0.0980 + 0,096%4 0.413% + 0.0961

b} 0.8189[1-(%“-).(1+.¢)-1 0.3535-0.&.9211 1.2513 — 0.k527 — 0.87950

NATIONAL ADVISORY GOMMITTEE FOR ALNORAUTICE
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FABLE XTI

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS.

Given Matrix
o o oo
S TR T
= v A
B e -
Bupplementary Matedix ;
A g
e it

-o.
o

2.0302

o

2.5870

k', =1.1786

x'. = 0.0195

x'_ = 0.2809

0.6631
05581

3.0192
21821

=1.0207
01311

1.2808
00904

1.526h

2.1785
27751

1.0193

1.2808
.00901

0.16

.64

1.0

0.6772

1.0668

1.399%

i

1.1856
—-.01861




NACA TN No. 1195

TABLE XII.— VALUES OF w AT VARIOUS STATIONS ALONG THE SPAN

(EXAMPLE . I)
¥ . | B ogf Knh ein ng K sin ng
bos n n n
1 1] o0.9165 ]|0.8095 + 0.02981 | 0.4824 + 0.0445%
| 8] .-0.1008 }|0.1135 ~ 0.02581 | -0.1295 - 0.03051
0. 5| -0.0956 }|-0.0855 - 0.00881 | -0.0018 + 0.00724
7} o0.1s80 ]o.0200 - 0.00261 | 0.0388 + 0.00121 ]
w; l0.1826 - 0.00801 | 0.3899 + 0.0224%
1| o©0.800 }|0.2702 + 0.0858L | 0.4211 + 0.08881
8{ 0.1175 }|0.1212 + 0.08761 | 0©.1882 + 0.03261
0.6 5| -0.1984¢ }0.0715 - 0.00854L | ~0.0039 + 0.01541
7| 0.0295 ]0.0045 — 0.0008L | 0.0085 + 0.00051
. w3 | 0.3242 + 0.04431 0.5657 + 0.08714
1] 0.600 }0.2026 4+ 0.01924 | 0.5158 + 0.0291i
1 3] 0.%120 j0.5228 +0,07851 | 0.3677 + 0.08674
0.8 5| -0.01581 [0.0054 ~ 0.00061 | -0.0005 + 0.00121
7} -0.1898 [-0.0204 +0.00261i | -0.039% - 0.00154
w; |0.4991 + 0.0945% 0.6459 + 0.11571
1] 0.4859 |0.1472 +0.01391 | 0.2885 + 0.02111
8| 0.3256 |0.3562 +0.07654 | 0.5836 + 0.09054
0.9 5| 0.1550 |0.0556 +0.00851 | 0.0080 - 0.01191
7| -0.0022 }0.0005 +0.0000i | ~0.0008 - 0.00001
w; |0.5387 +0.09601 | 0.6155 + 0.09971

NATIONAL ADVISCRY
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WAQOA TN No. 11?“5_513 S & o (3= a, 1) 21
(EXAMPLE X)
PARABOLIC
w 17
;—z—'- vy fj(r) fJ:J') -1 C + J'o—'.'-.J' "'3
o e O o —col 0.5850 + 0.0309% o —i
0.4} 0.1328 - 0.00801 | 0.168] O0.1415 - 0.01881 0.6850 + 0.08001] O.0858 - 0.0066
0.6] 0.5242 4+ 0.04451 | 0.58| -0.0884 + 0.12511 0.5850 + 0.05091}] -0.0620 + 0.0689
0.8 | 0.4991 + 0,0945% | 0.64] -0.2802 + 0.14771 ©.5850 + 0.05081} —0.1354 + 0.0
0.9} 0.5%87 + 0.09681 | 0.81] -0.5548 + 0.11961 0.5880 + 0.03091| -0,1988 + O.
1.0 o 1.0 -1 0.5850 + 0.05091 | -0.5860 — 0.05091
LINEAR TORSION
o 0 C o —eml 0.5830 + 0.030; o —oml
0.4] Q.5898 4 0.08341 } O.4& } -0.0868 4+ 0.06601 0.5850 + 0.05081| -0.0185 + 0.05201
0.8} C.56887 + 0.08711| ©.6 } -0.0605 + 0.14581 0.5850 + 0.0%09i | -0.0508 + 0.0881]
0.8] 0.6459 + 0., 11671} 0.8 | -0.1851 + O.1l4481 0.5850 + 0.08081} -0.1188 + 0.07861%
0.8 ] 0.8156 + 0,00871{ 0.9 | -0.3518l1 + 0.1108% 0.5850 + 0,08081§ -0.,1888 + 0.05514
1.0 o 1.0 -1 0.5850 + 0.03091| -0.5850 ~ 0.0309]
TABIEX XIV.— VALUES 'OF INTEGRANDS FOR USE IR  GRAPHICAL INTEGRATION
{(EXAMPIE TI)
z =3 z* Op opz* opz ?
0.4] 0.064} 0.0258] 0.0852 - C.00661L| O0.0021 - 0.0002i] 0©0.0053 - 0.00041
0.8] 0.818§ 0.12968| -0.0620 + 0.08801 { ~0.0080 + 0.01051i]| -0.0154 + 0.0149%
0.8| o0.612] 0.4098} -0.1584 + 0.07961 | —0,0546 + 0.03261| -0.0685 + 0.04084
0.8} 0.739}| 0.6568l1} -0.1986 + 0.05961 | —-0.1510 + 0.0Séli =0.1455 ~ Q.05081
1.0}y 1.0 1.0 -0.5850 - 0.0808% | -0.5850 - 0.05081}] -0.5860 + 0.03081
z z® 3 o o,mza L s
0.4 0.18 | 0.084 | -0.0165 + 0.03204 | -0.0011 + 0.00202] -0.0028 + 0.00514
0.6} 0.36 0.216 | -0.0899 + 0.08511) -0.0086 + 0.0179i| -0.0l144 + 0.0299%1
G.8] 0.64 0.512 | -0.0016 + 0.07861i| -0.0607 + 0.04082i] -0.0759 + 0.05051
0:8{ 0.81 0.728 | -0.1885 + 0.05511 ] -0.1375 + 0.0402i[ -0.1525 + 0.04461
1.0 1.0 1.0 -0.5860 ~ 0.080901| -0.5850 -~ 0.03091{ —0.5850 — 0.035081

RATIONAL ADVISORY COMMITTEL FOR AFRONAUTICS




TABIE IV

WAOA TEK No. 1195

AERCDYEAMIC OCERECTTONS AMD CATCULATED IETRRMINANY TERME OCHEECTED FOR FINITH-SPAN EFFE0TS (EXAMFIE I)

[0-(2Y Gvio) wee. 6mgym,]

Asrodynamic pert Detérminent term corrsoted
. Finlte—span
Torm Struotural pert of term of berm for the
corrections
(two-dim.) effect of & finite span
X = 0.333 .- -
o, \E : .

A 1.3331 1 - 0.1g20 ( ;) 1+ uh] -=~0.0096 ~ 0.T7991 0.0676 +-0.26281 1.h11 - 0.7 — 0.20609
3 o.354 — -3.0%92 - 0.7h3TL 0.9096 — 0.10981 ° | -1.8180 — 0.83351

L4 o. 315k ’ B 0.127h + 0.19501 -0.0210 — 0.05T11 0.8 + 0.1379¢

0
E 0.878911 -( ;) Q+g) 0.9075 — 0.801Tt ~0.2197 0.03k31 1.9737 — 0.76TM. — 0.8789 1
k= 0.%0 -
.

A 1.3331p ~ o.m( %) (2 +1g) 0.03%0 — 0.6250L 0.0930 + 0.196%1 1.k211 — 0.4efx - 0.25600
B 0.315% -2,0%31 - 0.T3k 0.0T@ — 0.00038 | | -1.152 — O.TMkTL

D 0,315% 0.1163 + 0.15631 =0.0029 — 0.0MTL 0.%188 + 0.11361

a \2
: | 0.9789|1 —( = ) (x+ 1a) 0.6363 — 0.63T ~0.1324 + 0.00811 1.3830 ~ 0.6e914 — 0.87890
k= 0.2 -
. e

A 133np - o.:l.sao( m—) {1+ 1g) 0.079% — 047831 0.0008 + 0171 1.%333 ~ 0.49801L ~ 0.25600
B 0.315k -L.2¥k —~ 0.6T651 0.300% + 0,051 -0.6246 — 0.632M

D 0.315% . 0.10%1 + 0.11964 =0.009% — 0.02821 0.Ma31 + 0.091M

E 0.8189[;-( }) (. sq‘]] 0.%e27 — 0.48621 ~0.0652 ~ 0.0063 1.232h — 0.45271 — 0.87890

NATIONAL ADVISORY
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NACA TN No. 1195

o3

TABIE XVI
CEARACTERISTICS ATONG SPAN QF TATL SURFACES USED IN EXAMPIE IT
Horizontal
_y_-_ teil . Vertical tall
o lvre | b/o, | bet | vy, | a ¢ e £
o h 1 L 6k (1 -1.,909 | —0,032 | 0.246 | 1
.3 —_ — 3.95 | ".851 | —2.13 .828
A 3.4 | 0,350 ; 3.69 ST9T | —2.63h -~,230 .098 835
A3 3.33 | .18 | -2.970 .877
.6 3.08 LT70 | 3.00 648 | —3.300 ~.3k0 L06n 1 1
.8 2.62 655 | 2,18 A7) 4,587 ~. Lok O037T 1 1
1.0 0 o (o} o — - (-} 1
TABTE XVIT

GENERAL CHARACTERISTICS OF TATL SURFACES USED IN EXAMPLE IT

Borlzontal tail

Vertical tall

2.525
L £t

3.33 £¢

p——

3 .8co
k. 6k £t
3.33 ¢
~10.08 £t
- .5o(lag)




94 . : NAQA TN No. 1195
TABLE XVITI.— EVATUATION OF INTEGRAIS FOR EXAMPIE IT
—2 -
g,
I-n-(;-) {1 + 1g) vhere 5'30.'5!:-' -
Determinant term
Doterminant structural part mi;ﬂt two—limensionsl
tern asyodynamio part
(£t) (£e) ()
(kg = 0.686 X o = 0.795)
4 67,27 [1 —"1.588 a] " 2.1228 = L%, 66464 €9.393 — 1.66481 — 133.73 @
] 00,1 - " -9.0606 — 24.93381 91.039 — 2k.9334
c 1.7 ~11.2670 — 3.69931 ~5.5360 ~ 3.69931
D 100.1 h. o2k — 17.83191 104,552 — 17:83191
E 1891 [1 -l -27.7895 — 167.0931 1863.2 — 167.0931 — 1891 0
7 23.862 .~67.1873 — 38.63704 —93.3253 — 38.63701
g 1.737 0.3202 — 0.17281 2.0972 — 0.17261
E 23.96 0.2137 — k. 7264 2h.1297 - b, 7261
I . 5.992 ~0.1613 - 3.25101 5.8307 — 3.25101
(x.g = 0.600 Xy = 0.696)
A 67.27 {1 - 1.988 2] 1.5917 = 17.39h01 68,862 — 17.39401 — 133.73 Q
B 100.1 -13.9834 — 2B.86861 86.117 — 28.86862
c 1.3 ~1%.8607 — 3.57031 —13.1297 ~ 3.57031
D 100.1° 3.7185 — 20.129M 103.8185 - 20.12901 -
B 1891 [1 —-q] —5k.9%43 — 18h,6361 1836 — 184.631 — 18910
: 3 23.862 88,638k ~ 39.5645L —6h. TT6h — 39.56451
-G 1.7T37 0.3108 — 0.20h%1 2,0878 — 0,20h41
: | 23.916 2.0841 —~ 5.31981 26.0000 — 5.31264
I - . 5.992. —0.ko69 — 3.50801 "5.5831 — 3.50801
(kg = 0.436 ko = 0.506) ~
A 67.27 {1 —1.988 a) ~0.66T7 — €5.85681 66.6023 — 25,8568 - 133.73 0
‘B 100.1 —34.9k01 ~ 39.193h1 63.1599 — 39.19341
c 1.7 —30.2362 — 2.94834 -28.%052 — 2.94831
D - 100.1 0.7u82 =~ 29,5701 100.8k82 — 29.5T0x1
z 1801 [1 - 0] -166.9957 ~ 25516971 172% — 255.16971 ~ 1891
r 23.862 ' . —177.2376 — ¥3.3012% . ~153.3796 — 43.31121
e 1,737 0.279% — 0.289T1 2.0063 — 0.289T1
E 23.916. SV 0.7526 < TioNLlL. . . =k, 6636 — T:24a11
"L 5.992 —1.1038 — h_T2781 1,.,8882 — &, 72781

NATIONAL ADVISORY
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NACA TN No.

TABLE XTX.— SOLUTION OF SET OQF EQUATIONS Z (., A,

1196

Given Matrix

0.470
-0,11901

-0, 13331

0.6347
-0.17601

S

+0.2670
0.09781

-o:%% 1

Supplementary Matrix

1.9953
0.50591

h2991

96231

<9673
3

2.
o.
o
0. hl

Auxiliery Matrix

o0.470
-0.119

8118001

0.6347
-0.1760

"0.1

ki

-0.968
03865

0.3525
-0.13791

0.8476
-0.31%91%

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS.

0.2507
-0.09321

-0.2849
0.11111

-0.2657
0.11271

0.2507
-0.09321

-0.6330
0.25081

0.54L7L
-0.05911

-1.7988
0.00781

0.9192
-0. 2 61

THE CROUT METHOD (EXAMPLE IT)

8b

8y () BY
(=)
GQn

0.0591 3h8
0.55181 39581
0.0768 0.1808
0.77091 | 0.7954t
0.0996 0.7165
0.92451 | 0.77301
0.0591 3,8
0. 52181 39581
-0.0260 | -0.306
-0.00061 { 0.11
0.06L9 0.9843
0.18091 | -0. gu591
-0.1612 0.4172
1.13091 | 1.15861
~0.0634 | -0.86211
-0.02651 | -0.01851
0.0010 1.0013
0.19721 § 0.19701
~-0.2031 0.7 0
1.34621 | 1.3
-0,0601 Q. 9hn
0.52821 0. 32801
0.0010 1.0013
0.19721 | 0.19701
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NACA TN No.

TABLE XX.— VALUBS OF 3, FOR EXAMPLE IT

F_ sin n# sin nd
bos n n Knh n
2 0.3667 -0.0745+0.493 T
0.h L -0.2493 0.0150-0.08181
6 +0,113%2 +0 .0001L+o.0225:,'W
Gg -0.059L+0.43,21
2 0.4800 <0,0975+0.6l1621
0.6 L -0.134L, 0.0081-0.0441%
6 -0.1098 -0.0001-0.02171
. &g -0.0895+0.580L1
2 0.4800 -0.0975+0. 6621
0.8 L 0.134L -0.0081+0.041411
6 -0.1098 -0.0001-0,02171
Q5 | -0.1057+0.66861

1196

TABLE XXTI.— AERODYNAMIC CORRECTIONS AND CALCULATED DETERMINANT TERMS

kog = 0.436 kov = 0.506
Term Dot. term with two-| Finite—span Det. term corrected for
dim. aero. part. ocorrections finite—span effects
A 66.6023-25.85681 5.0885+6.988411 71.6908-18,.868414
- -133.73 Q ' -133.75 Q
B 65.1599-39.19341 [11.5520+42.86801} 76.7119-36.32541
c -28.5052-2.94831 | 6.5593-3.23601} -21.9459-6.18434
D 100.8482-29.57011 | 6.3861+9.04921| 107.2343-20.52091
E 1721;-_-53&16371 65.419L+16.16561| 1789 .u-g;gg. gohé
P -153.3756-43.31128 {3).6350-17.11138| -118.7415-60.42251
a 2.0165-0.28971 0.0572+0.09,461% 2.0737~0.19514
H 2l,.6686-7.2h1111 ~L.7027+1.75461] 19.9659-5.48651
I l,.8882-l..72781 0.3885-0.20121] 5.2767-4.92901

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS.




NAOA TN No. 1195

‘TABLE XXT.— Conoluded

297

X g = 0.600 kyy = 0.696
A | 68.8617-17.39401 |2.8478+3.98221 | '71.7095-13.41181
-133.73 a -133.73 Q
B 86.117-28.86861 |}5.8026+2.,9831 { 91.9196-26.37031
c -13.1297-3.57031 {2.8707-1.10771 ~-10.2590-L .67801
D 10%.819-20.12901 {3.0639+5.64231 | 106.8829-14.48671
E 1836-18l..6311 29.5925+15.01881] 1865.6-169.6171
-1891 Q -1891 @
F -6l .7764-39 58454 | 1h.5931-5.28151 -50.1833-41;.84601
G 2.0478-0.2041 0.026L+0.05611 | 2.0742-0.14831
H 26.0001-5.31281 | -1.9233+0.32501] 21,.0768-L.98781
I 5.5851-3.50801 0,1624-0.04181 | 5.7475-3.54981
kg= 0.686 k= 0.795
A ] 69.3928-14.66481 | 1.9813+3,0673% § 71.37h41-11.59751
. -133.73 ~133.73 q
B | 91.0%394-244.933L41 | L.0837+2.19551 | 95.1231-22.73791
C } -9.5360-3.69931 1.93%6-0.59261 -7.602L -1 .29191
D | 104.5524-17.83191 | 2.2890+),.26181 | 106.8L41h-13.57011
E | 1863.2-167.0931 20.5217+13.1200t | 1883.7-153.9751
-1891 g -1891
F | -43.3253-38.63701| 9.8602-2.50801 | 33.4651-L1.1,4501
G | 2.0572-0.17281 0.0182+0,.04161 | 2.0754-0.13121
H | 26.053-44.7161 ~1.2893+0.09351 | 24.7637-L.62251
I t 5.8307-3.25101 0.1060-0.01721 5.93%67-%.26821

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS.
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ELASTIC AXIS |
1 b R b
< [WiNG MDGHORD LINE-»
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Znbs | % ,
!
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(a) )'(

Flgure 1.- {a;, Plan form of wing, showing looation of elastic axle and midohord line.
b), Wing section with alleron and tab, showing main parametsrs in units of
logal semiohord.
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Fig. 23 NACA TN No. 1186
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